Digitized  by  tine  Internet  Arciiive 

in  2010  witii  funding  from 

University  of  Toronto 


littp://www.arcliive.org/details/transactionsmining26amer 


TRANSACTIONS 


American  Institute  of  Mining 
Engineers. 


Vol.  XXVI. 


FEBRUARY,  1896,  TO  OCTOBER,  1896. 
INCLUSIVE. 


NEW    YORK     CITY: 
PUBLISHED    BY    THE    INSTITUTE, 

AT    THE   OFFICE   OF   THE   SECRETARY. 

189  7. 


TM 


PHILADELPHIA: 
SHERMAN    cS    CO.,    PRINTERS. 


CONTENTS. 


PAGE 

Officer^  and  Honorary  Members, vii 

List  of  Meetings, viii 

Publications, x 

Rules, xiii 

PROCEEDINGS. 

Pittsburgh  (Annual)  Meeting,  February,  1896, xvii 

Colorado  Meeting,  September,  1896, xxix 

PAPERS. 

The  Cycle  of  the  Plunger- jig.     By  Robert  H.  Richards  (Discussion,  1034),    .  3 
The  Accumulation  of  Amalgani  on  Copper  Plates.      By  R.  T.  Bayliss  (Discus- 
sion, 1039) 33 

Notes  on  the  Handling  of  Slags  and  Mattes  at  Smelting- Works  in  the  Western 

United  States.    By  William  Braden 38 

The  Volatilization  of  Silver  in  Chloridizing-Roasting.     By  L.  D.  Godshall,      .  53 

The  Hydraulic  Elevator  at  the  Chestatee  Mine,  Georgia.     By  W.  R.  Crandall,  62 
The  Ore-Deposits  of  the  Australian  Broken  Hill  Consols  Mine,  Broken  Hill, 

New  South  Wales.  '  By  George  Smith, 69 

Notes  on Conveying-Belts  and  Their  Use.     By  Thomas  Robins,  Jr.,  ...  78 

Copper-Ores  in  the  Permian  of  Texas.     By  E.  J.  Schmitz  (Discussion,  1051),     .  97 

Coal-Dust  as  an  Explosive  Agent.     By  Donald  M.  D.  Stuart,    ....  108 

Notes  on  the  Walrand-Legenisel* Steel-Casting  Process.     By  H.  L.  Hollis,          .  134 

The  Embreville  Estate,  Tennessee.     By  Guy  R.  Johnson, 138 

The  Effect  of  Additions  of  Titaniferous  to  Phosphoric  Iron-Ores  in  the  Blast- 

Furnace.    By  Auguste  J.  Rossi, 144 

Standard  Physical  Tests  for  the  Product  of  the  Blast-Furnace,  and  Their  Value. 

By  Thomas  D.  West, 149 

The  Effect  of  Expansion  on  Shrinkage  and  Contraction  in  Iron  Castings.     By 

Thomas  D.  West 165 

The  Mobility  of  Molecules  of  Cast-iron.     By  A.  E.  Outerbridge,  Jr.,       .         .  176 
Note  on  Carbon-Bricks  in  the  Blast-Furnace.     By  R.  W.  Raymond,    .         .         .  185 
The  Assay  by  Prospectors  of  Auriferous  Ores  and  Gravels  by  Means  of  Amalga- 
mation and  the  Blowpipe.     By  William  Hamilton  Merritt,     .        .        .  187 

Vein-Walls.    By  T.  A.  Rickard  (Discussion,  1053) 193 

The  Sulphuric  Acid  Process  of  Treating  Lixiviation  Sulphides.     By  Frederic 

P.  Dewey, 242 

Laboratory  Note  on  the  Heat-Conductivity,  Expansion  and  Fusibility  of  Fire- 

Brick.     By  J.  D.  Pennock  (Discussion,  1060) 263 

Action  of  Blast-Furnace  Gases  Upon  Various  Iron-Ores.     By  O.  O.  Laudig  (Dis- 
cussion, 1061), 269 

Excentric  Jig,  with  Adjustable  and  Automatic  Lower  Discharge  Arranged  for 
the  Full  Width  of  the  Bed  and  for  One  or  more  Compartments.     By  Edgar 

G.  TUTTLE 278 


IV  CONTENTS. 

PAGE 

Mi(ldl(>-Pro(lnc,t  Ji};,  with   Ad.justeble  and  Automatic  Discharges  for  the  Mid- 
dle and  Lower  Products.     By  ED(iAR  G.  TuTTLK 284 

Gold  in  (Iranite  and  IMutouic  Rocks.     By  William  P.  Blake,  ....  290 

Eapid  Section-Work  in  Horizontal  Rocks.     By  Marius  R.  Campbkll,        .         .  298 

Note  on  a  Shaft-Fire  and  its  Lossou.     By  Robert  Gilman  Brown,     .        .        .  315 
Additions  to  the  Power-Plant  of  the  Standard  Consolidated  Mining  Comjiany. 

By  Robert  Gilman  ]}rown  (Discussion,  1071), 319 

The  Newton-Chambers  System  of  Saving  the  By-Products  of  Coke-Manufacture 

in  Bee-Hive  Ovens.     By  Robert  A.  Cook, 340 

A  Mechanical  Coke-Drawer.     By  Robert  A.  Cook, 347 

The  Magnetic  Separation  of  Noti-Magnetic  Material.     By  H.  A.  J.  Wilkens  and 

H.  B.  C.  NiTZE  (Discussion,  1089) .         .  351 

The  Actual  Accuracy  of  Chemical  Analysis.     By  F.  P.  Dewey,    ....  370 
The  Bertrand-Thiel  Opeu-Hearth  Process.     By  Joseph  Hartshobne,        .         .  380 
A  Modern  Silver-Lead  Smeltiug-Plaut.     By  L.  S.  Austin  (Discussion,  1095),     .  388 
Electric  Mining  in  the  Rocky  Mountain  Region.     By  Irving  Hale  (Discus- 
sion, 1071), 402 

Sketch  of  a  Portion  of  the  Gunnison  Gold-Belt,  Including  the  Vulcau  and  Mam- 
moth Chimney  Mines.     By  Arthur  Lakes, 440 

The  Smuggler-Union  Mines,  Telluride,  Colorado.     By  J.  A.  Porter,  .        .        .  449 
Faulting  and  Accompanying  Features  Observed  iu  Glacial  Gravel  and  Sand  in 

Southern  Michigan.     By  Gael  Henrich  (Discussion,  1102),  .        .        .         .  460 
Further  Notes  on  the  Alabama  and  Georgia  Gold-Fields.      By  William  M. 

Brewer, 464 

Silver-Losses  iu  Cupellation.     By  L.  D.  Godshall,         .                 ....  473 
The  Occurrence  and  Behavior  of  Tellurium  in  Gold-Ores,  More  Particularly  with 
Reference  to  the  Potsdam   Ores  of  the  Black  Hills,   South    Dakota.      By 

Frank  Clemes  Smith  (Discussion,  1103),                 485 

Gold  in  the  Guyauas.     By  Henry  G.  Granger 516 

Traces  of  Organic  Remains  from  the  Huronian  (?)  Series,  at  Iron    Mountain, 

Mich.,  Etc.     By  W.  S.  Gresley, .'>27 

Note  on  Copper  in  Iron  and  Steel.     By  R.  W.  Raymond, 534 

Biographical  Notice  of  Charles  A.  Stetefeldt.    By  R.  W.  Raymond,       .        .        .  537 
The  Use  of  the  Tremain  Steam-Stamp  with   Amalgamation.       By  Edavin  A. 

Sperry, .545 

The  Ore-Shoots  of  Cripple  Creek.     By  Edward  Skewes 553 

The  Phosphate-Deposits  of  Arkansas.     By  John  C.  Branner,     ....  580 
The  Concentration  of  Ores  iu  the  Butte  District,  Montana.     By  Charles  W. 

GooDALE  (Discussion,  1108), 599 

Magnetic  Observations  in  Geological  Mapping.     By  Henry  Lloyd  Smyth,        .  G40 

The  Cyanide-Process  in  the  United  States.     By  George  A.  Packard,         .        .  709 
Laboratory-Tests  iu  Connection  With  the  Extraction  of  Gold  from  Ores  by  the 

Cyanide  Process.     By  H.  Van  F.  Furman, 721 

The  Solution  and  Precipitation  of  the  Cyanide  of  Gold.     By  S.  B.  Christy,      .  735 

Some  Mines  of  Rosita  and  Silver  Cliff,  Colorado.     By  S.  F.  Emmons,     .        .        .  773 

Biographical  Notice  of  Gabriel  Auguste  Daubree.     By  J.  F.  Kemp,      .         .         .  823 

Biographical  Notice  of  J.  F.  HoUoway.     By  James  F.  Lewis 827 

The  Development  of  Colorado's  Mining  Industry.     By  T.  A.  Rickard,         .         .  834 
The  Occurrence  and  Treatment  of  Certain  Gold-Ores  of  Park  County,  Colorado. 

By  B.  Sadtler, 848 

The  Occurrence  of  Gold-Ores  in  the  Rainy  River  District,  Ontario,  Canada.     By 

William  Hamilton  Merritt, 853 

The  Microstructure  of  Steel  and  the  Current  Theories  of  Hardening.    By  Albert 

Sauveur 863 

The  Enterprise  Mine,  Rico,  Colorado.     By  T.  A.  Rickard, 906 


CONTENTS.  V 

PAGE 

The  Inventiou  of  the  Bessemer  Process  ('Presiileiitial  Address  sit  Pittsburgh). 

By  JosKi'ii  D.  Weeks, 980 

An  Improved  Assiiy-MuHlo.     By  Akthur  S.  Dwight, 992 

DISCUSSIONS. 

Discussion  (continued)  of  Mr.  Webster's  paper  on  the  Physics  of  Cast-Iron  (see 

Vol.  XXV.,  pp.  84  and  9(54), 997 

Discussion     (contiuued)    of  tlie    Effect   of    Vil)rati()n    Upon    the   Structure   of 

Wrouglit-Irou  (see  Vol.  xxiv.,  p.  809), 102(i 

Discussion  (continued)  of  Mr.  Thackray's  jjajicr  on  Determinations  of  Phospho- 
rus in  Steel  (see  Vol.  xxv.,  pp.  r570  and  1012) 1031 

Discussion  of  Prof.  Richards's  paper  on  the  Cycle  of  the  Plunger-Jig  (see  p.  U),    .  1034 

Discussion  of  Mr.  Bayliss's  paper  on  Ac<nimulation  of  Amalgam  ou  Copper  Plates 

(see  p.  33), 1039 

Discussion  of  Mr.  Schmitz's  paper  on  C'opper-Ores  in  the  Permian  of  Texas  (see 

p.  97), 1051 

Discussion  of  Mr.  Rickard's  paper  on  Vein-Walls 'see  p.  193),        ....  1053 

Discussion  of  Mr.  Pennock's  paper  on  Heat-Conductivity,  Expansion  and  Fusi- 
bility of  Fire-Brick  (see  p.  263) 10(50 

Discussion  of  Mr.  Landig's  paper  on  Action  of  Blast-Furnace  Gases  Upon  Iron- 
Ores  (see  p.  2(59), lOCl 

Discussion  :  Electricity  in  Mining  (see  papers  by  Messrs.  Brown  and  Hale,  pi>. 

319  and  402), 1071 

Discussion  of  the  paper  by  Messrs.  Wilkens  and  Nitze  on  Magnetic  Separation 

of  Non-Magnetic  Material  (see  p.  351) 1089 

Discussion  of  the  pai)er  of  Mr.  Austin  on  a  Silver-Lead  Smciting-Plant  (see  p. 

388) 1095 

Discussion  of  the  paper  of  Mr.  Heurich  on  Faulting  in  Glacial  Gravel  (see  p.  4(50),   1102 

Discussion  of  the  paper  of  Mr.  F.  C.  Smith  on  the  Occurrence  and  Behavior  of 

Tellurium  iu  Gold-Ores  (see  p.  485), 1103 

Discussion  of  the  paper  of  Mr.  Goodale  on  Concentration  of  Ores  in  the  Butte 

District  (see  p.  599), 1108 


OFFICERS. 

For  year  ending  February,  1897.* 


^resibcnt. 

E.  G.  SPILSBITRY,  Trenton,  N.  J. 

bicc-Prcsibcnts. 

WHEATON  B.  KUNHARDT, New  York  City. 

JAMES  F.  LEWIS, (Chicago,  111. 

EDWARD  COOPER,  t New  York  City. 

(Term  expires  February,  1807.) 

H.  S.  CHAMBERLAIN, Chattanooga,  Tenn. 

ANTON  EILERS, Pueblo,  Colo. 

CHARLES  KIRCHHOFF, New  York  City. 

(Term  expires  February,  1898.) 

ilTcinagcis. 

T.  A.  RICKARD, Denver,  Colo. 

H.  O.  HOFMAN, Boston,  Mass. 

JOHN  A.  CHURCH, New  York  City. 

(Term  expires  February,  1897.) 

LEVI  HOLBROOK, New  York  City. 

ALBERT  R.  LEDOUX, New  York  City. 

WILLIAM  R.  WEBSTER, Philadelphia,  Pa. 

(Term  expires  February,  1898.) 

JAMES  GAYLEY',  ........  Pittsburgh,  Pa. 

JAMES  F.  KEMP, New  Y^)rk  City. 

BENJ.  SMITH  LY'MAN, Philadelphia,  Pa. 

(Term  expires  February,  1899.) 

Becretars.  treasurer. 

R.  W.  RAYMOND,  THEODORE  D.  RAND, 

13  Burling  Slip,  New  York  City.  Philadelphia,  Pa. 


(onorarn  JRenibers. 


Prof.  Richard  Akerman,  Stockholm,  Sweden  ;  Sir  Lowthian  Bell,  Mid- 
dlesborough,  England ;  Dr.  Thomas  M.  Drown,  South  Bethlehem,  Pa.  ;  Prop\ 
Haton  de  la  Goupilliere,  Paris,  France ;  Prof.  Hans  Hoefer,  Leoben,  Aus- 
tria ;  Dr.  Bruno  Kerl,  Berlin,  Germany  ;  Prof.  Joseph  Le  Conte,  Berkeley, 
Cal.  ;  Prof.  J.  P.  Lesley,  Philadelphia,  Pa.  ;  Prof.  Theodor  Richter,  Frei- 
berg, Saxony ;  Bergrath  Albert  Serlo,  Berlin,  Germany ;  Prof.  Peter 
Ritter  v.  Tunner,  Leoben,  Austria ;  Prof.  Dr.  Hermann  Wedding,  Berlin, 
Germany. 

*  The  following  oflBcers  were  elected  at  the  Annual  Meeting,  February,  1897 :  President, 
Thomas  M.  Drown,  South  Bethlehem,  Pa. ;  Vice-Preiddents  (to  serve  two  years),  D.  W.  Brunton, 
Aspen,  Colo.,  W.  E.  C.  Eustis,  Boston,  Mass.,  James  Douglas,  New  York  City ;  Managers  (to 
serve  three  years),  C.  W.  Goodale,  Butte,  Mont.,  Frank  Lyman,  Brooklyn,  N.  Y.,  Frank  McM. 
Stanton,  Houghton,  Mich. ;  Treasurer,  Theodore  D.  Rand,  Philadelphia,  Pa. ;  Sea-etary,Rossiler 
W.  Raymond,  New  York  City. 

t  Appointed  to  fill  the  vacancy  caused  by  the  death  of  Mr.  C.  A.  Stetefeldt. 


LIST  OF  THE  MEETINGS  OF  THE  INSTITUTE  AND  THEIR  LOCAL- 
ITIES FROM  ITS  ORGANIZATION  TO  FEBRUARY,  1897. 


Number.  Place.  Date. 

I.  Wilkes-Barre,  Pa.  *      .     .     .  May,  1871,     .     . 

11.  Bethlehem,  Pa., August,  1871,     . 

III.  Troy,  N.  Y., November,  1871, 

IV.  Philadelphia,  Pa.,     ....  February,  1872, 
V.  New  York,  N.  Y.,*  ....  May,  1872,     . 

VI.  Pittsburgh,  Pa., October,  1872, 

VII.  Boston,  Mass., February,  1873, 

VIII.  Philadelphia,  Pa.,*  ....  May,  1873,     . 

IX.  Easton,  Pa., October,  1873, 

X.  New  York,  N.  Y.,     .     .     .     .  February,  1874, 

XI.  St.  Louis,  Mo.,* May,  1874,     . 

XII.  Hazleton,  Pa., October,  1874, 

XIII.  New  Haven,  Conn.,  ....  February,  1875, 

XIV.  Dover,  N.  J.,* May,  1875,     . 

XV.  Cleveland,  O., October,  1875, 

XVI.  Washington,  D.  C,   ....  February,  1876, 

XVII.  Philadelphia,  Pa.,t  ....  June,  1876,    . 

XVIII.  Philadelphia,  Pa.,     ....  October,  1876, 

XIX.  New  York,  N.  Y.,     .     .     .     .  February,  1877, 

XX.  Wilkes-Barre,  Pa.,* .     .     .     .  May,  1877,     . 

XXI.  Amenia,  N.  Y., October,  1877, 

XXII.  Philadelphia,  Pa.,     ....  February,  1878, 

XXIII.  Chattanooga,  Tenn.,*     .     .     .  May,  1878,     . 

XXIV.  Lake  George,  N.  Y.,      ...  October,  1878, 
XXV.  Baltimore,  Md.,* February,  1879, 

XXVI.  Pittsburgh,  Pa., May,  1879,     . 

XXVII.  Montreal,  Canada,     ....  September,  1879, 

XXVIII.  New  York,  N.  Y.,*  .     .     .     :  February,  1880, 

XXIX.  Lake  Superior,  Mich.,  .     .     .  August,  1880,     . 

XXX.  Philadelphia,  Pa.,«    ....  February,  1881, 

XXXI.  Staunton,  Va., May,  1881,     .     . 

XXXII.  Harrisburg,  Pa., October,  1881,    . 

XXXIII.  Washington,  D.  C.,*.     .     .     .  February,  1882, 

XXXIV.  Denver,  Col., August,  1882,     . 

XXXV.  Boston,  Mass.,* February,  1883, . 

XXXVI.  Roanoke,  Va., June,  1883,    .     . 

XXXVII.  Troy,  N.  Y., October,  1883,    . 

.'fXXVin.  Cincinnati,  O.,* February,  1884, 

XXXIX.  Chicago,  111., May,  1884,     .     . 

XL.  Philadelphia,  Pa.,     ....  September,  1884, 

XLI.  New  York,  N.  Y.,*  ....  February,  1885, 


Transactions. 

i. 

3 

i. 

10 

i. 

13 

i. 

17 

i. 

20 

i. 

25 

i. 

28 

ii. 

3 

ii. 

7 

ii. 

11 

iii. 

3 

iii. 

8 

iii. 

15 

iv. 

3 

iv. 

9 

iv. 

18 

v. 

3 

V. 

19 

V. 

27 

vi. 

3 

vi. 

10 

vi. 

18 

vii. 

3 

.     vii. 

103 

.     vii. 

217 

.    viii. 

3 

viii. 

121 

viii. 

275 

ix. 

1 

ix. 

275 

X. 

1 

X. 

119 

X. 

225 

xi. 

1 

xi. 

217 

xii. 

3 

xii. 

176 

xii. 

447 

Xlll. 

1 

xiii. 

285 

xiii. 

585 

*  Annual  meeting  for  the  election  of  officers.    The  rules  were  amended  at  the  Chattanooga 
meeting,  May,  1878,  changing  the  annual  election  from  May  to  February. 
+  Begun  in  May  at  Easton,  Pa.,  for  the  election  of  officers,  and  adjourned  to  Philadelphia. 


LIST  OF   MEETINGS. 


IX 


Number. 

xLir 
XLiri 

XLIV 

XLV. 

XLVI. 

XLVII. 

XLviir. 

XLIX. 
L. 
LI. 
LII. 
LIII. 
LIV. 
LV. 
LVI. 
LVII 
LVI  1 1. 
LIX. 
LX. 
LXL 
LXIL 

Lxni. 

LXIV. 

LXV. 

LXVL 

LXVII. 

LXVIII. 

LXIX. 

LXX. 

LXXL 

LXX  II. 


Place. 
.  Cliattanooga,  Tenn 

Halifax,  N.  S.,    . 
.  Pittsburgh,  Pa.,* 

Betlileliem,  Pa.,  . 

St.  Louis,  Mo.,     . 

Scrauton,  Pa.*     . 

Utaii  and  Montana, 

Dnlntli,  Minn.,     . 

Boston,  Mass.,*    . 

Birniinghain,  Ala., 

Biiffilo,  N.Y.,     . 

New  York,  N.  Y.,*. 

Colorado,    .     .     . 

Ottawa,  Canada,  . 

Washington,  D.  C.,* 
New  York,  N.  Y., 
x\ew  York,  N.  Y.,* 
Cleveland,  O.,  .     . 
Glen  Siunraif,  Pa., 
Baltimore,  Md.,*  . 
Plattsbnrgh,  N.  Y , 
Reading,  Pa.,    .     . 
Montreal,  Canada,* 
Chicago,  III.,     .     , 
Virginia  Beach,  Va 
Bridgeport,  Cjnn., 
Florida,t      .     .     . 
Atlanta,  Ga.,   .     . 
Pittsburgh,  Pa.,*. 
Colorado,     .     .     , 
Chicago  111.,*.     . 


Date. 
May.  1885,  .  . 
September,  1885, 
February,  1886, 
May,  1836.  .  . 
October,  1886,  . 
February,  1887, 
July,  1887,  .  . 
July,  1887,  .  . 
February,  1888, 
May,  1888,  .  . 
October,  1888,. 
February,  1889, 
June,  1889,  . 
October,  1889, . 
February,  1890, 
September,  1890, 
February,  1891, 
June,  1891,  . 
October,  1891, 
February,  1892, 
June,  1892, .  . 
October,  1892, . 
February,  1893, 
August,  1893,  , 
February,  1891, 
O;tober,  1891,  . 
March,  1895,  . 
October,  189'),. 
February,  1896, 
September,  1893, 
P>bruary,  1897, 


Transactions. 

.  xiv.             1 

.  xiv,        307 

.  xiv,        587 

.  XV.       Ixiii. 

.  XV,          Ixx. 

,  XV,    Ixxvii. 

,  xvi.      xvii. 

.  xvi.     xxiv, 

.  xvi.  xxviii. 

.  xvii.      xix. 

.  xvii.    xxiv, 

.  xvii.  xxxi, 

,  xviii.    xvii, 

.  xviii.  xxiv. 

,  xviii.   XXX. 

,  xix.        vii. 
,    xix.      XXV. 

,  XX,         xvi. 

.  XX.          Ixi. 

,  xxi.       xix. 

.  xxi.  xxxiii. 

,  xxi.      xliv. 

.  xxi.          Hi. 

,  x.Kii.     xiii. 

,  xxiv.  xvii. 

.  xxiv. XXXV, 

,  XXV.      xix. 

,  XXV.  xxxiii. 

.  xxvi.    xvii, 

.  xxvi.  xxix, 

.  xxvii. 


*  Annual  meeting  for  the  election  of  olTicers. 

t  Begun  in  FebruaryatNew  York  City,  for  the  election  of  officers,  and  aJjourucd  to  Florida. 


rUBLICATIONS. 


The  publications  of  the  Institute  comprise  : 

Pamphlets. 

1.  The  minutes  of  the  Proceedings  of  each  Meeting. 

2.  Such  of  the  papers  presented  or  read  by  title  at  each  Meeting 
as  are  furnished  by  the  authors  and  approved  by  the  Council  for 
full  publication.  (In  nearly  all  cases  in  which  papers,  the  titles  of 
which  appear  in  the  Proceedings,  are  not  subsequently  published, 
they  have  been  withdrawn  by  the  authors.)  These  papers  are  pub- 
lished separately  in  pamphlet  form,  and  are  marked  "  subject  to 
revision."  Beyond  the  edition  distributed  without  charge  to  mem- 
bers and  associates  not  in  arrears,  a  small  supply  is  retained  to 
meet  subsequent  demand.  There  are  no  copies  on  hand  of  papers 
read  before  1880.  The  stock  is  nearly  complete  from  1880.  These 
papers  are  for  sale  at  the  office  of  the  Secretar3^  or  are  sent  to  pur- 
chasers by  mail  or  express,  charges  paid,  on  receipt  of  the  price, 
as  follows : 


No.  OF  Pages. 

Single  Copies. 

10  Copies. 

20  Copies. 

$0  06 
0  08 
0  12 
0  16 
0  20 
0  25 
0  30 
0  35 
0  40 
0  45 
0  50 

$0  30 

0  61) 

1  00 
1  25 

1  50 

2  00 

2  50 

3  00 
3  25 
3  50 
3  75 

SO  50 
1  00    ^ 

1  75 

2  25 

2  75 

3  50 

4  50 

5  00 

5  25 

6  00 
6  25 

13  to  16  "   

17  to  ''O  "   

21  to  ''4   "         

25  to  40   "   

41  to  56   "   

57  to  72   "   

73  to  88  "   

89  to  104   "   

105  to  120   "   

Papers  with  folders  and  special  plates  subject  to  special  price. 

Transactions. 
The  volumes  of  Travsnctions,  which  are  published  annually,  con- 
tain the  list  of  officers,  rules,  etc.,  the  Proceedings,  and  the  papeis 
revised  for  final  publication.  (In  this  revision,  after  the  prelimi- 
nary publication,  authors  are  permitted  to  use  the  largest  liberty  ; 
and  the  changes  and  additions  made  in  papers  are  sometimes  im- 
portant. It  should  be  borne  in  mind,  by  those  who  study  or  quote 
a  paper  in  the  preliminary  edition,  that  they  may  not  have  in  that 
form  the  ultimate  and  deliberate  expression  of  the  author's  views. 
It  should  be  added,  however,  that  in  the  majority  of  cases  tliere  is 
no  essential  change,  the  correction  of  typographical  errors  and  ad- 
ditions of  later  information  being  the  usual  alterations.) 
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The  twenty-six  volumes  of  Transactions  now  published,  are  for 
sale  as  follows : 


Vols.  I.  to  IV.,  inclusive,  each, 
Vols.  V.  to  VIII.,  inclusive,  each,  . 

Vol.  IX., 

Vol.  X.  (a  small  supply  only  on  hand), 
Vols.  XL  to  XXVI.,  inclusive,  each, 

These  prices  are  for  paper   covers. 
extra  per  volume. 


$2  00 
3  00 
5  00 

10  00 
5  00 

Half-morocco  binding   $1 


$1  00 

1  00 

1  25 

2  00 

3  00 


50 


Indexes  and  Special  Editions. 
Index,  Vols.  I.  to  XV.,  inclusive,  of  the  Transactions^  cloth,  . 
Index,  Vols.  XVI.  to  XX.,  inclusive,  paper, .... 
Index,  Vols.  XXI.  to  XXV.,  inclusive,  cloth. 
Indexes,  Vols.  I.  to  XV.  and   XVI.  to  XX.,  bound  in  one 

volume,  cloth,  ......... 

Indexes,  Vols.  I.  to  XV.,  XVI.  to  XX.,  and  XXI.  to  XXV., 

bound  in  one  volume,  cloth,      ..... 
Technical  Education,  being  papers  and  discussions  of  the 

Philadelphia  Meeting,  1876   (not  all   printed   in   the 

Transactions),  paper,         ....... 

Steel  Rails,  papers  b}-^  Messrs.  Sandberg,  Dudley,  and  Hol- 

ley,  with  discussions  at  meetings  in  1881,  paper,   . 
Geological  Map  of  the  United  States,  colored  after  the  scale 

proposed  by  the  International  Geological  Congress,  by 

Prof.  C.  H.  Hitchcock, 

Memorial  of  Alexander  L.  HoUey,  with  portrait,  cloth. 
The  Genesis  of  Ore-Deposits,  by  Prof.  Franz  Posepny  (with 

discussions  and  portrait),  cloth,       ..... 
List  of  Members,  Rules,  etc.,  paper, 

Authors'  Editions  of  Paiviphlets. 
Extra   copies,  when   ordered   before   the  types    have   been  dis 
tributed,  are  furnished  to  authors,  under   Rule  VIL,  at  the  fol 
lowing  rates : 


50 


1  00 

1  00 

2  50 
25 


No.  OF  Pages. 

50  Copies. 

100  Copies. 

250  Copies. 
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Covers    (including    print- 
ing on  first  page  of  the 
same),  extra 
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Wlien  a  paper  contains  one  or  more  separate  plates  or  "folders,"  these  will  be 
charged  in  reprinting  as  follows  :  One  page  or  one  fold,  the  same  as  four  pages  in 
the  above  table  ;  each  addi(ional  fold,  the  same  as  four  additional  pages.  These 
prices  are  for  plates  on  the  ordinary  paper,  used  in  the  edition  issued  "subject  to 
revision."  If  special  bank-note  paper  is  desired,  such  as  is  used  in  the  Volutiies 
of  Tranmctions,  the  price  for  the  p'ates  will  be  doubled. 

All  communications  and  remittances  should  be  addressed  to 
R.  W,  Raymond,  Secretary,  P.  O.  Box  223,  Kew  York  City. 


RULES 


ADOPTED  MAY,  1S73.    AMENDED  MAY,  1875, 1877,  AXD  1873,  FEBRUARY,  1880, 1881, 

1887, 1890  AND  1896. 


I. 

OBJECTS. 


The  objects  of  the  American  Institute  oe  Mining  Engineers  are  to  promote 
the  arts  and  sciences  connected  with  the  economical  production  of  the  useful  min- 
erals and  metals,  and  tlie  welfare  of  those  employed  in  these  industries,  by  means 
of  meetings  for  social  intercourse,  and  the  reading  and  discussion  of  professional 
papers,  and  to  circulate,  by  means  of  publications  among  its  membei-s  and  asso- 
ciates, the  information  tlius  obtained. 

II. 

MEMBERSHIP. 

The  Institute  shall  consist  of  Members,  Honorary  Members,  and  Associates. 
Members  and  Honorary  Members  shall  be  professional  mining  engineers,  geolo- 
gists, metallurgists,  or  chemists,  or  persons  practically  engaged  in  mining,  metal- 
lurgy, or  metallurgical  engineering.  xA.ssociate3  shall  include  all  suitable  persons 
desirous  of  being  connected  with  the  Institute,  and  duly  elected  as  hereinafter 
l)rovided.  Each  person  desirous  of  becoming  a  member  or  associate  shall  be  jiro- 
posed  by  at  least  three  members  or  associates,  approved  by  the  Council,  and 
elected  by  ballot  at  a  regular  meeting  (or  by  ballot  at  any  time  conducted  through 
tlie  mail,  as  the  Council  may  prescribe)  upon  receiving  three-fourths  of  the  votes 
cast,  and  shall  become  a  member  or  associate  on  the  payment  of  his  first  dues.  Each 
person  proposed  as  an  honorary  member  shall  be  recommended  by  at  least  ten 
members  or  associates,  approved  by  tlie  Council,  and  elected  by  ballot  at  a  regular 
meeting  (or  by  ballot  at  any  time  conducted  through  the  mail,  as  the  Council 
may  prescribe)  on  receiving  nine-tenths  of  the  Votes  cast  ;  Provided^  that  tlie 
number  of  lionorary  members  shall  not  exceed  twenty.  The  Council  may  at  any 
time  change  the  classification  of  a  person  elected  as  associate,  so  as  to  make  him 
a  member,  or  vice  versa,  subject  to  the  approval  of  the  Institute.  All  members 
and  associates  shall  be  equally  entitled  to  the  privileges  of  membership  ;  Provided, 
tliat  honorary  members  shall  not  be  entitled  to  vote,  and  members  or  associates 
wliose  post  office  address  shall  be  outside  of  the  United  States,  Canada  and  Mexico 
shall  not  be  entitled  to  vote  by  mail,  except  upon  proposed  amendments  to  the 
Kules. 
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Any  member  or  associate  may  be  stricken  from  the  list  on  recommendation  of 
the  Council,  by  the  vote  of  three-fourths  of  the  members  and  associates  present  at 
any  annual  meeting,  due  notice  having  been  mailed  in  writing  by  the  Secretary 
to  the  said  member  or  associate. 

III. 

DUES. 

The  dues  of  members  and  associates  shall  be  ten  dollars,  payable  upon  their 
election,  and  ten  dollars  per  annum  thereafter,  payable  in  advance  on  the  first  day 
of  each  calendar  year.  Honorary  members  shall  not  be  liable  to  dues.  Any 
member  or  associate  not  in  arrears  may  become  by  the  payment  of  one  hundred 
dollars  at  one  time  a  life-member  or  associate,  and  shall  not  be  liable  thereafter 
to  annual  dues.  Any  member  or  associate  in  arrears  may,  at  the  discretion  of  the 
Council,  be  deprived  of  the  receipt  of  publications,  or  stricken  from  the  list  of 
members  when  in  arrears  for  one  year  ;  Provided,  that  he  may  be  restored  to  mem- 
bership by  the  Council  on  payment  of  all  arrears,  or  by  re  election  after  an  interval 
of  three  years. 

IV. 

OFFICERS. 

The  affairs  of  the  Institute  sliall  be  managed  by  a  Council,  consisting  of  a  Presi- 
dent, six  Vice-Presidents,  nine  Managers,  a  Secretary  and  a  Treasurer,  who  shall 
be  elected  from  among  the  members  and  associates  of  the  Institute  at  the  annual 
meetings,  to  hold  office  as  follows  : 

The  President,  the  Secretary,  and  the  Treasurer  for  one  year  (and  no  person 
shall  be  eligible  for  immediate  re-election  as  President  who  shall  have  held  that 
office  subsequent  to  the  adoption  of  these  rules,  for  two  consecutive  year-),  the 
Vice-Presidents  for  two  years,  and  the  Managers  for  three  years  ;  and  no  Vice- 
President  or  Manager  shall  be  eligible  for  immediate  re-election  to  the  same  office 
at  the  expiration  of  the  term  for  which  he  was  elected.  At  each  annual  meeting 
a  President,  three  Vice-Presidents,  three  Managei-s,  a  Secretary,  and  a  Treasurer 
shall  be  elected,  and  the  term  of  office  shall  continue  until  the  adjournment  of  the 
meeting  at  which  their  successors  are  elected. 

The  duties  of  all  officers  shall  be  such  as  usually  pe;tain  to  their  offices,  or 
may  Le  delegated  to  them  by  the  Council  or  the  Institute  ;  and  the  Council  may 
in  its  discretion  require  bonds  to  be  given  by  the  Treasurer.  At  each  annual 
meeting  the  Council  shall  make  a  report  of  proceedings  to  the  Institute,  together 
with  a  financial  statement. 

Vacancies  in  the  Council  may  occur  by  death  or  resignation  ;  or  the  Council 
may,  by  a  vote  of  the  majority  of  all  its  members,  declare  the  place  of  any  officer 
vacant,  on  his  failure  for  one  year,  from  inability  or  otherwise,  to  attend  the 
Council  meetings  or  perform  the  duties  of  his  office.  All  vacancies  shall  be  filled 
bv  the  appointment  of  the  Council,  and  any  person  so  appointed  shall  hold  office 
for  the  remainder  of  the  term  for  which  his  predecessor  was  elected  or  appointed  ; 
Provided,  that  the  said  appointment  shall  not  rtuder  him  ineligible  at  the  next 
annual  meeting. 

Five  members  of  the  Council  sliall  constitute  a  quorum  ;  but  the  Council  may 
appoint  an  Executive  Commifee,  or  business  may  he  transacted  at  a  regularly 
called  meeting  of  the  Council,  at  which  less  than  a  quorum  is  present,  subject  to 
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the  approviil  of  a  majority  of  tlie  Council,  sil)so(iuontly  given  in  writing  to  the 
Secretary,  ami  reconk'd  l)y  him  with  tlic  minutes. 
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The  annual  election  shall  he  conducted  as  follows  :  Nominations  may  he  sent 
in  writing  to  the  Secretary,  accompanied  with  the  names  of  the  proposers,  at  any 
time  not  less  than  thirty  days  hefore  the  annual  meeting  ;  and  the  Secretary  shall, 
not  les-i  than  two  weeks  before  the  said  meeting,  mail  to  every  member  or  asso- 
ciate (except  honorary  members)  a  list  of  all  the  nominations  for  e:ich  office  so 
re.eived,  together  with  a  copy  of  this  rule,  and  the  names  of  the  persons  ineligible 
for  elec  tion  to  each  office  ;  and  if  the  Council,  or  a  Committee  thereof,  appointed 
for  the  purpose,  shall  have  recommended  any  nominations,  such  recommendation 
may  also  be  sent  to  members  and  associates  with  the  said  list  of  all  nominations 
made,  but  not  upon  tlie  same  paper.  And  each  member  or  associate,  qualified  to 
vote,  may  vote,  eitherby  striking  from  or  adding  to  the  names  of  the  said  list,  leav- 
ing name>  not  exceeding  in  number  the  offiters  to  be  elected,  or  by  preparing  a 
new  list,  signing  said  altered  or  prepared  ballot  with  his  name,  and  either  mail- 
ing it  to  the  Secretary  or  presenting  it  in  person  at  the  annual  meeting  ;  Provided, 
that  no  member  or  associate  in  arrears  since  the  last  annual  meeting  shall  be 
allowed  to  vote  until  the  said  arrears  shall  have  been  paid.  The  ballots  shall  be 
received  and  examined  by  three  Scrutineers,  appointed  at  the  annual  meeting  by 
the  presiding  officer  ;  and  the  persons  who  shall  have  received  the  greatest  num- 
ber of  votes  for  the  seveial  offices  shall  be  declared  e'ected,  and  the  Scrutineers 
shall  so  report  to  the  presiding  officer.  The  ballots  shall  be  destroyed,  and  a  list 
of  the  elected  officers,  certified  by  the  Scrutineers,  shall  be  preserved  by  the 
Secretary. 

VI. 

MEETINGS. 

The  annual  meeting  of  the  Institute  shall  take  place  on  the  third  Tuesday  of 
February,  at  which  a  report  of  the  proceedings  of  the  Institute  and  an  abstract  of 
the  accounts  shall  be  furnished  by  the  Council.  Other  meetings  shall  be  held  in 
each  year,  at  such  times  and  places  as  the  Council  shall  select,  and  notice  of  all 
meetings  shall  be  given  by  mail,  or  otherwise,  to  all  members  and  associates,  at 
lea-t  twenty  days  in  advance. 

Every  question  which  shall  come  before  any  meeting  of  the  Institute,  shall  be 
decided,  unless  otherwise  provided  by  these  Rules,  by  the  votes  of  a  majority  of 
the  me*nbers  then  present.  Any  member  or  associate  may  introduce  a  stranger 
to  any  meeting  ;  but  the  latter  shall  not  take  part  in  the  proceedings  without  the 
consent  ot  the  meeting. 

VII. 

PAPERS   AND    PT7BLICATI0NS. 

The  Council  shall  have  power  to  decide  on  the  propriety  of  commimicating  to 
the  Institute  any  papers  which  may  be  received,  and  they  shall  be  at  liberty,  when 
they  think  it  desirable,  to  direct  that  any  paper  read  before  the  Institute  shall 
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be  printed  in  the  Transactions.  Intimation,  when  practical,  shall  be  given,  at 
each  general  meeting,  of  the  subject  of  the  paper  or  papers  to  be  real,  and  of  the 
qnesfons  for  discussion  at  the  next  meeting.  The  reading  of  p  ipers  shall  not  be 
delayed  beyond  such  hour  as  the  presiding  officer  shall  think  proper  ;  and  the 
election  of  members  or  other  business  mnybe  adjourned  by  the  presiding  officer, 
to  pe-mit  the  reading  and  discussion  of  papers.  The  published  papers  and  vol- 
umes of  Transactions  shill  be  distributed  to  all  members  and  associates  not  in 
ar.ears,  and  maybe  sold  to  the  public  upon  such  conditions  as  the  Council  shall 
prescribe  ;  but  the  Council  may,  in  its  discretion,  omit  sending  to  members  and 
associates  ou  side  of  the  United  States,  Canada  and  Mexico,  special  circulars, 
unless  the  same  contain  proposed  amendments  to  the  Rules. 

The  copyright  of  all  papers  communicated  to,  and  accepted  by,  the  Institute, 
shall  be  vested  in  it  unless  otherwise  agreed  between  the  Council  and  the  author. 
The  author  of  eacli  paper  read  before  the  Institute  shall  be  entitled  to  twelve 
copies,  if  printed,  for  his  own  use,  and  shall  have  the  right  to  order  any  number 
of  copies  at  the  cost  of  paper  and  printing,  provided  said  copies  are  not  intended 
for  sale.  The  Institute  is  not,  as  a  body,  rtspon  ibie  for  the  statements  of  fact  or 
opinion  advanced  in  papers  or  discussions  at  its  meetings,  and  it  is  understood 
that  papers  and  discussions  should  not  include  matters  relating  to  politics  or 
pu:ely  to  trade  ;  nor  shall  the  Council  or  the  Institute  offic  ally  approve  or  dis- 
approve any  technical  or  scientific  opinion  or  any  proposed  enterprise  outside  the 
management  (tf  the  meetings,  discussions  and  publications  of  the  Institute,  as  pro- 
vided in  these  Rules;  Provided,  however,  that  committees  may  be  appointed  by 
tlie  Council  or  the  Institute  to  make  Investigations  and  submit  reports  at  meetings 
of  the  Institute ;  bui  no  action  shall  be  taken  binding  the  Institute  for  or  against 
the  conclusions  of  any  such  reports. 

VIII. 

AMENDMENTS. 

These  Rules  may  be  amended  at  any  annual  meeting  by  a  two-thirds  vote  of  the 
members  present ;  Provided,  that  written  notice  of  the  proposed  amendment  shall 
have  been  givea  at  a  p'evious  meeting  ;  and  Provided,  also,  that  the  amendment  or 
amendments  so  adopted  shall  be  printed  upon  a  ballot  and  sent,  not  later  than  the 
next  distribution  of  printed  matter,  to  all  members  and  associates  not  in  arrears 
for  the  preceding  year  (except  honorary  meml»ers  and  foreign  members  elected 
before  February,  1880),  and  each  person  receiving  the  sime  shall  be  requested  to 
return  it  to  tlie  Secretary  with  his  written  vote  of  Yt  s  or  No  to  each  amendment, 
and  his  sii;;nature  ;  and  the  President  shall  appoint  as  Scrutineers  three  members 
or  associates,  who  shall  examine  all  of  the  said  b  illots  which  shall  have  been  re- 
turned within  one  month  from  the  date  of  their  distribution,  and  sliall  report  the 
re  ult ;  and  the  ."secretary  shall  publish  and  distribute  to  members,  not  later  than 
the  next  distribution  of  printed  matter,  an  announcement  of  the  said  result  so  re- 
porttd,  togethrr  with  the  text  of  the  additional  or  amended  rule  or  rules  f^o 
adopted  ;  and  the  amendment  or  amendments  approved  by  the  majority  of  the 
ball  ts  so  returned  and  reported  shall  become  part  of  these  Rules  from  and  after  the 
publication  of  >aid  announcement  by  the  Secretary. 


Proceedings  of  the  Seventieth  (Twenty-Sixth  Annual) 
Meeting,  Pittsburgh,  Pa.,  February,  1896. 

Local  Committees. 

Executive  Committee. — Jos.  D.  Weeks,  Chairman;  Geo.  II.  Clapp,  Scrretari/ ; 
Julian  Kennedy,  Trenmrer  ;  and  the  chairmen  of  the  following  committees  : 

Reception. — E.  M.  Ferguson,  Chainnan;  Chas.  C.  Scaife,  "VViJliam  H.  Singer, 
William  N.  Frew,  Chas.  J.  Hilliard,  George  S.  Page,  William  G.  Wilkins,  Chas. 
M.  Schwab. 

Finance. — Julian  Kennedy,  Chairman;  John  I.  Ricketson,  William  Metcalf, 
H.  M.  Curry. 

Hotels  ((/if/  Headquarters^. — J.  C.  McDowell,  Chairman;  W.  L.  Scaife,  J.  M. 
Camp. 

Excursions. — Alfred  E.  Hunt,  Chairman ;  Chas.  M.  Hall,  W.  L.  Scaife,  Jas. 
Darsie,  Taylor  AUderdice,  D.  G.  Kerr,  Theo.  Hopke. 

Banquet. — William  H.  Rea,  Chairman;  W.  H.  Nimick,  Horace  W.  Lash, 
Taylor  AUderdice. 

Pror/ramme  and  Badges. — James  Gayley,  Chairman;  John  F.  Wilcox,  Hugh 
Kennedy. 

Entertainment  of  Visiting  Ladies. — Mrs.  E.  M.  Fei'guson,  Chairman;  Mesdames 
H.  C.  Bughman,  Geo.  H.  Clapp,  Arthur  V.  Davis,  William  N.  Frew,  James 
Gayley,  Alfred  E.  Hunt,  Julian  Kennedy,  J.  C.  McDowell,  Geo.  S.  Page,  Wil- 
liam H.  Kea,  Chas.  C.  Scaife,  Chas.  M.  Schwab,  William  H.  Singer,  Jos.  D. 
Weeks,  John  F.  Wilcox,  Jos.  E.  Woodwell. 

Hotel  Headquarters. — The  Monongahela  House,  in  which,  also,  all  sessions 
were  held. 

The  Opening  session  was  held  on  Tuesday  evening,  Fel)riiary 
18th,  beginning  at  8  o'clock.  President  Jos.  D.  Weeks,  being 
also  the  chairman  of  the  Local  Executive  Committee,  welcomed 
the  Institute  to  Pittsburgh  in  a  few  appropriate  introductory 
words,  and  then  proceeded  to  deliver  the  Presidential  Address 
on  the  Invention  of  the  Bessemer  Process,  Especially  with  Re- 
gard to  the  Relation  to  that  Invention  of  William  Kelly. 

After  some  interesting  discussion  of  this  address,  the  Presi- 
dent exhil)itcd  for  inspection  a  sample  of  metallic  manganese, 
containing  96  per  cent,  of  that  metal,  and  free  from  carbon, 
made  by  the  process  of  Wahl  and  Greene,  described  by  Mr. 
Garrison  in  a  former  paper  before  the  Institute  {Trans.,  xxi., 
887). 
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The  President  announced  the  appointment,  as  Scrutineers, 
to  examine  the  ballots  received  for  officers,  and  to  report  the 
result,  Messrs.  Thomas  Robins,  Jr.,  W.  C.  Brown  and  H.  A.  J. 
Wilkens. 

After  the  election  of  new  members  (see  list  below),  and 
various  announcements  by  the  Secretary  and  the  Local  Com- 
mittee, the  session  was  adjourned. 

The  second  session  was  held  on  Wednesday  evening,  Feb- 
ruary 19th,  when  the  following  papers  were  read  and  dis- 
cussed : 

l^otes  on  the  Walrand-Legenisel  Steel-Casting  Process,  by 
H.  L.  HoUis,  Chicago,  111. 

The  Embreville  Estate  of  Tennessee,  by  Guy  E.  Johnson, 
Embreville,  Tenn. 

Notes  on  Conveying-Belts  and  Their  Uses,  by  Thomas  Robins, 
Jr.,  New  York  City. 

The  Magnetic  Separation  of  ISTon-Magnetic  Material,  by 
II.  A.  J.  Wilkens  and  II.  B.  C.  K'itze,  South  Bethlehem,  Pa. 

The  third  session  was  held  on  Thursday  morning,  February 
20th,  wdien  the  following  papers  were  presented  in  print : 

The  Accumulation  of  Amalgam  on  Copper  Plates,  by  R.  T. 
Bayliss,  Marysville,  Mont. 

The  Ore-Deposits  of  the  Australian  Broken  Hill  Consols 
Mine,  Broken  Hill,  New  South  Wales,  by  George  Smith,  Broken 
Hill,  New  South  Wales. 

Note  on  Carbon-Bricks  in  the  Blast-Furnace,  by  R.  W.  Ray- 
mond, New"  York  City. 

Notes  on  the  Handling  of  Slags  and  Mattes  at  Smelting- 
Works  in  the  Western  United  States,  by  William  Braden, 
Helena,  Mont. 

The  Cycle  of  the  Plunger- Jig,  by  R.  H.  Richards,  Boston, 
Mass. 

The  EtFect  of  Vibration  upon  the  Structure  of  Wrought-Iron 
(Continued  Discussion). 

The  Effect  of  Additions  of  Titaniferous  to  Phosphoric  Iron- 
Ores  in  the  Blast-Furnace,  by  Auguste  J.  Rossi,  New  York 
City. 
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The  Ilydnuilic  Elevator  at  the  Chestatee  Mines,  Georgia,  by 
W.  R.  Crandall,  Dahlonega,  Ga. 

Tlie  Assay  by  Prospectors  of  Auriferous  Ores  and  Gravels 
by  Means  of  Amalgamation  and  the  Blow-Pipe,  l)y  W.  II,  Mer- 
ritt,  Toronto,  Canada. 

The  discussion  on  the  physics  of  cast-iron  was  continued  by 
written  and  oral  contributions  from  C.  R.  Baird  &  Co., 
Edward  K.  Landis,  Alex.  E,  Outerbridge,  Jr.,  Wm,  R. 
Webster,  Asa  W.  Whitney  and  D.  Townsend,  of  Philadelphia, 
Pa. ;  Prof  R.  C.  Carpenter,  Ithaca,  K  Y. ;  Thomas  D.  West, 
Sharpsville,  Pa. ;  William  Kent,  Passaic,  N.  J. ;  Guy  R.  John- 
son, Embreville,  Tenn. ;  Leonard  Waldo,  Bridgeport,  Conn. ; 
and  Geo.  S.  Morison,  Chicago,  111. 

The  fourth  and  tinal  session  was  held  on  Thursday  after- 
noon, when  the  discussion  of  the  physics  of  cast-iron  was  con- 
tinued (some  of  the  participants  named  above  having  spoken 
at  this  session),  and  the  following  papers  were  read  by  title : 

Vein- Walls,  by  T.  A.  Rickard,  Denver,  Colo. 

The  Volatilization  of  Silver  in  Chloridizing-Roasting,  by 
L.  D.  Godshall,  Everett,  Wash. 

A  Mechanical  Drawer  for  Bee-IIive  Coke-Ovens,  by  Robert 
A.  Cook,  i^ew  Brunswick,  IST.  J. 

The  !N"ewton-Chambers  System  of  Saving  the  By-Products  of 
Coke-Manufacture  in  Bee-Hive  Ovens,  by  Robert  A.  Cook,  New 
Brunswick,  X.  J. 

Copper-Ores  in  the  Permian  Formation  of  Texas,  by  E.  J. 
Schmitz,  New  York  City. 

Coal-Dust  an  Explosive  Agent,  by  Donald  M.  D.  Stuart, 
Bristol,  England. 

The  Scrutineers  reported  the  following  persons  to  have  been 
elected  as  officers  of  the  Institute  : 

PRESIDENT. 
E.  G.  Spilsburv, Trenton,  N.  J. 

VICE-PRESIDENTS. 

(To  serve  two  years.) 

H.  S.  Chamberlain*, Chattanooga,  Tcnn. 

Anton  Eilers, Pueblo,  Colo. 

Charles  Kirchhoff, New  York  City. 
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MANAGERS. 
(To  serve  three  years.) 

James  Gaylev, Pittsburgh,  Pa. 

James  F.  Kemp, New  York  City. 

Bekj.  Smith  Lyman Philadelphia,  Pa. 

TREASURER. 
Theodore  D.  Eaxd, Philadelphia,  Pa. 


SECRETARY. 
KossiTEB  W.  Raymond,  ....     New  York  City. 

The  Annual  Report  of  the  Council  was  presented  as  follows : 

Annual  Report  of  the  Council. 

In  accordance  with  the  rules,  the  Council  makes  the  follow- 
ing report  to  the  Institute  : 

The  financial  statement  of  the  Secretary  and  Treasurer  shows 
receipts  from  all  sources  for  the  year  ending  February  1st  (in- 
cluding $1201.77  on  hand  at  the  beginning  of  the  year)  of 
§27,616.29,  and  expenditures  of  §22,439.67,  leaving  a  surplus 
of  $5176.62,  being  a  gain  in  the  surplus  of  February  1,  1895, 
of  §3974.85.  In  addition  to  this,  the  Treasurer  holds  U.  S. 
bonds  of  the  par  value  of  §2900  and  a  special  deposit  of 
§4596,  proceeds  of  U.  S.  bonds  called  in  and  paid  by  the  gov- 
ernment, which  fund  lias  not  been  permanently  reinvested. 
The  detailed  statement  of  receipts  and  expenditures  is  as 
follows  : 

Eeceipts. 


Balance  from  statement,  February  1,  1895, 

$1,201  77 

Annual  dues,  ...... 

$21,360  26 

Life  membership,     ..... 

1,167  33 

Binding  of  Trannactwm,  .... 

1,785  10 

Sale  of  volumes  of  Transaetiojis, 

1,152  55 

"      pamphlets, 

683  34 

Electrotypes, 

9  45 

Interest  on  U.  S.  bonds  and  deposits, 

253  94 

Miscellaneous, 

2  50 

26,414  52 

?27,616  29 

PROCEEDINGS    OF    THE    PITTSBURGH    MEETING.  XXI 

Disbursements. 

Printing  Volume  XXIV.  Tramactions,      ....  ?2,967  51 

"       pamphlet  edition  of  papers,        ....  2,638  80 

"       mailing  list, 24  00 

"       circulai-s  and  ballots,           .....  275  07 
Binding  Volume  XXIV.  and  miscellaneous  volumes  of 

Transact ioiis,         ......  1,8G0  GO 

"       exchanges, 47  81 

Engraving  and  electrotyping,           .         .         .         .         .  612  76 

Postage,  including  P.  O.  box-rent, 675  93 

Stationery, 169  02 

Rent, 800  00 

Express  and  freight  charges,  ......  1,125  82 

Telephone 113  20 

Telegrams,  cablegrams  and  car  fare,         ....  20  88 

Coal,  ice  and  porters,        .......  188  60 

Salaries,  including  clerks,  stenographers  and  expenses 

of  editing,  and  proofreading,  .....  9,994  00 

Storage  of  Trmisactions,    .         .          .         .         .          .         .  Ill  10 

Special  stenographers  and  expenses  of  meetings,     .         .  505  07 

Gas,          .      ^ 5  87 

Office  supplies  and  repairs,       ...         ...  172  93 

Expenses  mailing  batches,  etc.,        .....  38  30 

Insurance,        .........  59  40 

Refunding  over-payments,       ......  15  00 

Library  additions,     ........  18  50 

$22,439  67 

Balance, •      .         .         .  5,176  62 


$27,616  29 


Two  meetings  were  held  during  the  year;  the  Annual  meet- 
ing beginning  at  j^ew  York  in  February  and  continued  by  ad- 
journment to  Florida  in  March  and  April,  and  the  Atlanta 
meeting  of  October.  The  proceedings  and  papers  of  these 
meetings,  already  published  and  distributed  to  members,  so 
clearly  show  their  delightful  and  interesting  character  as  to  re- 
quire no  further  comment  on  the  part  of  the  Council. 

Changes  in  membership  have  taken  place  during  the  year  as 
follows  :  One  honorary  member,  142  members  and  18  asso- 
ciates have  been  elected ;  3  associates  have  become  members ; 
the  deaths  of  2  honorary  members,  19  members  and  1  associate 
have  been  reported ;  60  members  and  5  associates  have  re- 
signed; and  94  members  and  5  associates  have  been  dropped 
for  continued  default  in  the  payment  of  dues.  These  changes 
are  tabulated  as  follows,  showing  a  net  loss  of  25  in  total  mem- 
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bersliip,  which  is  much  more  than  made  up  by  the  large  num- 
ber of  apphcations  already  approved  for  election  at  the  Annual 
meeting  now  pending : 


H.  M. 

F.  M. 

M. 

A. 

Totals. 

At  date  of  last  report 

Gains  :   By  election 

change  of  status 

Losses:  By  resignation 

14 

1 



...„. 

1 

2 

13 

38 

2216           169         2437 
142             18            161 

3         3 

60               o             65 
94               5             99 

dropping 

change  of  status 

death 

3               3 
1«                 1                99 

Total  gains 

14o             18 

164 

Total  losses 

1       173             14 

33             9188     i       17S 

189 
2412 

Present  membership 

The  list  of  deaths  comprises  the  names  of  Antonio  del  Cas- 
tillo and  Franz  Posepny,  honorary  members,  and  the  following 
members  and  associates :  Arthur  Chanute  (1882),  Ellis  Clark 
(1874),  C.  M.  Conyngham  (1891),  Eckley  B.  Coxe  (1871),  James 
G.  Dagron  (1884),  A.  IL  DeCamp  (1883),  E.  G.  DeCrano  (1872), 
F.  J.  Dominick  (1882),  F.  P.  Gracey,  (1890),  John  Heard,  Jr. 
(1883),  M.  B.  Jamieson  (1895),  Edward  Jones  (1887),  R.  H. 
Lee  (1876),  J.  M.  Reid  (1889),  A.  W.  Sims  (1885),  John  H. 
Sprow  (1893),  Andrew  Stevens  (1894),  D.  M.  Thomas  (1892), 
J.  Fraser  Torrance  (1876),  and  H.  Walker  (1894). 

This  list  includes  names  of  high  professional  and  scientific 
distinction.  The  character  and  work  of  Prof.  Posepny,  and  of 
the  lamented  Eckley  B.  Coxe,  one  of  the  founders  of  the  Insti- 
tute, have  been  appropriately  recognized  in  biographical  notices 
in  the  Transactions.  Messrs.  Clark,  Lee  and  Torrance  ranked 
among  our  veteran  members,  having  been  connected  with  the 
Institute  for  20  years  or  more.  Mr.  Clark  had  contributed  to 
the  Transactions  the  following  valuable  papers :  "  Shaft-Survey- 
ing in  the  Brown  Hematite  Mines  of  Northampton  County,  Pa." 
{Trans.,  vii.,  139) ;  "  The  Great  Blast  at  Glendon  "  (Trans.,  vii., 
266) ;  "  Ore-Dressing  and  Smelting  at  Przibram,  Bohemia " 
(  Trans.,  ix.,  420) ;  "  Notes  on  the  Progress  of  Mining  in  China  " 
(Trans.,  xix.,  571);  "The  Silver-Mines  of  Lake  Valley,  New 
Mexico"  {Trans.,  xxiv.,  138). 

The  amendments  to  the   rules,  of  which  notice  had  been 
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given  in  writing  at  the  Atlanta  meeting,  were  discussed,  and 
adopted  (after  amendment)  in  the  form  following,  to  be  sub- 
mitted by  mail  to  the  members  and  associates  of  the  Institute 
for  final  adoption. 

Rule  II. — It  is  proposed  to  amend  this  rule  by  adding  the 
following :  "  and  members  or  associates  whose  post^-office  ad- 
dresses are  outside  of  the  United  States,  Canada  and  Mexico 
shall  not  be  entitled  to  vote  by  mail  except  upon  proposed 
amendments  to  the  Rules." 

Rule  III. — It  is  proposed  to  amend  this  rule  by  striking  out 
the  words  "  at  the  annual  meeting,"  and  substituting  the  words 
"  on  the  first  day  of  each  calendar  year." 

Rule  VI. — It  is  proposed  to  amend  this  rule  by  striking  out 
the  provision  for  special  meetings,  and  changing  the  second 
sentence  of  the  rule  so  that  it  shall  read,  "  other  meetings  shall 
be  held  at  such  times  and  places  as  the  Council  shall  select,  and 
notice  of  all  meetings  shall  be  given,"  etc. 

Rule  VII, — It  is  proposed  to  amend  this  rule  by  making  the 
title  "  Papers  and  Publications,"  and  by  inserting  after  the  first 
paragraph  the  following :  "  The  published  papers  and  volumes 
of  Transactions  shall  be  distributed  to  all  members  and  asso- 
ciates not  in  arrears,  and  may  be  sold  to  the  public  upon  such 
conditions  as  the  Council  shall  prescribe ;  but  the  Council  may, 
in  its  discretion,  omit  sending  to  members  and  associates  out- 
side of  the  United  States,  Canada  and  Mexico,  special  circu- 
lars, unless  the  same  contain  proposed  amendments  to  the 
rules." 

Also,  by  adding  to  the  rule  the  following :  "  ISTor  shall  the 
Council  or  the  Institute  officially  approv^e  or  disapprove  any 
technical  or  scientific  opinion,  or  any  proposed  enterprise  out- 
side the  management  of  the  meetings,  discussions  and  publica- 
tions of  the  Institute  as  provided  in  these  rules;  Provided, 
however,  that  committees  may  be  appointed  by  the  Council  or 
the  Institute  to  make  investigations,  and  submit  reports  at 
meetings  of  the  Institute;  but  no  action  shall  be  taken  bind- 
ing the  Institute  for  or  against  the  conclusions  of  any  such 
reports." 

After  the  adoption  of  a  resolution  directing  the  Secretary  to 
acknowledge  by  letter  the  courtesies  received  by  the  Institute, 
the  meeting  was  adjourned. 
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Members  and  Associates  Elected. 

The  follou-iug  persons  were  made  members  or  associates  bj 
election  during  the  sessions  of  the  meetino-; 


Members. 


E.  Wilson  Anderson, 
Everett  D.  Arnold, 
H.  B.  Buriiliart.      . 
Jcseph  Barrel!, 
J.  Basadre, 
E  B.  Beahm.  . 
Henry  Lynch  Bellam, 
George  E.  Bentley, 
A.  Newton  Bluett, 
Ernest  Elmer  Breisch, 
Chauiicey  E.  Butler, 
William  Curtis  Butler, 
Benson  M.  Caldwell, 
Charles  Merritt  Case. 
John  Allen  Cass,    . 
Walton  Clark. 
H.  M.  Cole,      . 
Henry  Francis  Collins, 
J.  Parker  Corbus,   . 
Walter  Currie, 

A.  L.  Dean,     . 
Isaac  W.  Frank, 
George  Blanchard  Fry, 
Charles  G.  Griffith, 
J.  McC.  Henderson, 
William  Alfred  Heyward, 

B.  C.  Hinman, 
Brian  Hooker, 
Azor  E.  Hunt, 
Frederick  Irwin,    . 
Charles  Borrows  Jacobs, 
G.  B.  Jacobs,  . 
John  Jarrett, . 
John  Jobson,  . 
John  Kennedy, 
George  Labrani, 
S.  C.  Leonard, 
Eobert  H.  Lyman, 
John  McConnell,     . 
Alexander  George  McKenna, 
Louis  McKenzie,    . 
D.  W.  McXaugher, 
Angus  R.  Mackay, 
George  Wickham  Metcalfe, 
Tlieo.  Morrison, 
Charles  Murray, 
Frederick  S.  Pearson, 
Harvey  Pridhani,   . 


Pittsburgh.  Pa. 

Troy.  N.  Y. 

Homestead,  Pa. 

South  Bethlehem,  Pa. 

Lima,  Peru. 

Bethlehem,  Pa. 

Anaconda,  Mont. 

Harrisburg,  Pa. 

Lokllng,  Norway. 

Winton,  Pa. 

Socorro,  New  Mexico. 

Everett,  Washington. 

Bridgeport,  Oliio. 

Minneapolis,  Minn. 

Schenectady,  N.  Y. 

Philadelphia,  Pa. 

East  Helena,  Mont. 

Bathurst,  New  South  Wales. 

Douglas  Island,  Alaska. 

Buluwayo,  So.  Africa. 

East  Helena,  Mont. 

Pittsburgh,  Pa. 

London,  England. 

Helena,  Mont. 

London,  England. 

Anaconda,  Mont. 

Boulder,  Colo. 

Hannan's,  W.  Australia. 

Munhall,  Pa. 

Silver  City,  Idaho. 

Schenectady,  N.  Y. 

Charcas,  Mexico. 

Pittsb.irgh,  Pa. 

Port  Perie,  So.  Australia. 

Hobart,  Tasmania. 

Kimberly,  So.  Africa. 

Niles,  Ohio. 

Nueva  Salamanca,  Santiago  de  Cuba. 

Swissvale,  Pa. 

Demmlcr,  Pa. 

Wheeling,  W.  Va. 

Pittsburgh,  Pa. 

Dead  wood.  So.  Dakota. 

Embreville,  Tenn. 

Braddock,  Pa. 

Johannesburg,  So.  Africa. 

New  York  City. 

Coolgardie,  W.  Australia. 
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B.  S.  Kevett,    . 

Oliver  G.  Ricketsou, 

W.  D.  Sargent, 

Herman  Henry  Schlapp, 

Carl  Setiolz, 

F.  H.  Slocuni, 

Alfred  Sniedley, 

J.  Ramsay  Sperr,    . 

Alexander  Stewart, 

Howard  Noble  Stockett, 

James  F.  Tarwater, 

John  W.  Taylor,     . 

William  Stephens  Thomas, 

Joseiih  E.  Thropp,  Jr.,    . 

Edward  N.  Trump, 

Charles  C.  Upham, 

Samuel  M.  Vauclain, 

Seymour  Watorhouse,    . 

Charles  C.  Weir,      . 

J.  Price  Wetherill, 

H.  M.  Whitney,       . 

Albert  D.  Wilkins, 

Theodore  Kirkland  Wilkinson, 

John  A.  Wood,  Jr.. 

Lee  S.  Wood,  . 

Samuel  Woods, 

Adolph  A.  Zimmerman, 


Rreckeii ridge,  Colo. 

Pittshurgli,  Pa. 

Chicago,  111. 

Melbourne,  Australia. 

Mammotii.  W.  Va. 

Pittsburgh,  Pa. 

Oil  City,  Pa. 

Pittsburgh,  Pa. 

Broken  Hill,  New  South  Wales. 

Cliuksburg.  W.  Va. 

Rook  wood,  Tenu. 

Tin  Cup,  Colo. 

Btdt,  Mont. 

Everett,  Pa. 

Syracuse,  N.  Y. 

New  York  City. 

Philadelphia,  Pa. 

San  Francisco,  Cal. 

New  York  City. 

South  Bethlehem,  Pa. 

Boston,  Mass. 

Pittsburgh,  Pa. 

Anaconda,  ISIont. 

Pittsburgh,  Pa. 

Rico,  Colo. 

Pittsburgh,  Pa. 

Elkhorn,  Mont. 


Associates, 


John  T.  Callaghan,  Jr., . 

William  Stewart  Davison, 

John  Lindsay  Ferguson, 

Frank  Humel, 

Robert  Henry  Jeffrey,    . 

John  Lilly, 

William  Thaxter  Thompson 

William  D.  Thornton,    . 

John  Sidiofield  Wallace, 

Carlos  Yglesias  y  Castro, 


Washington,  D.  C. 
Brooklyn,  N.  Y. 
Philadelphia,  Pa. 
Cleveland,  Ohio. 
London,  England. 
Lambertville,  N.  J. 
Fairview.  British  Columbia. 
Butte,  Mont. 
Bethlehem,  Pa. 
Bethlehem,  Pa. 


Associates  made  Members. 


F.  F.  Amsden, 
Bertrand  S.  Sumnieis, 
Robert  S.  Weir, 


South  St.  Louis,  Mo. 
Chicago,  III. 
Hermosillo,  Mexico. 


Excursions  and  Entertainments. 

Wednesday,  February  20th,  was  spent  in  visiting  the  Home- 
stead Steel-Works,  the  Westinghouse  Electric  Works,  and  the 
Edgar  Thomson  Steel- Works.  The  party  left  Pittsburgh  by 
special  train,  furnished  by  the  Pennsylvania  Railroad,  at  9  a.m., 
and  arrived  in  Pittsburgh  at  5  p.m. 
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On  Thursday  afternoon,  the  ladies  were  entertained  with 
carriage-drives,  and  visits  to  the  Carnegie  Library,  the  Phipps 
Conservatory  and  the  Parks. 

On  Tlinrsday  evening  a  subscription  banquet  was  hehl  at  the 
Monongahela  House.  The  attendance  was  large,  and  the 
goodly  proportion  of  ladies  present  added  grace  and  spirit  to 
the  occasion. 

On  Friday,  the  party  was  conveyed  by  special  train,  leaving 
Pittsburgh  at  9  a.m.,  to  the  Glass  Works  of  McKee  Brothers, 
at  Jeannette,  and  thence  to  the  Latrobe  Steel- Works,  Latrobe 
(stopping  en  route  to  inspect  the  Xewton-Chambers  coke-ovens 
of  that  company).  After  luncheon  at  the  Latrobe  works, 
the  train  proceeded  to  the  works  of  the  Pennsylvania  Salt 
Company,  at  l^atrona,  and  returned  thence  to  Pittsburgh,  ar- 
riving at  5  P.M. 

Cordial  invitations  were  received  from  the  following  estab- 
lishments, of  which  many  members,  singly  or  in  small  parties, 
availed  themselves : 

Youghiogheny  Coal  Company,  United  States  Glass  Com- 
pany, Forest  Oil  Company  and  Gas  Wells,  Standard  Coke 
Works  of  the  H.  C.  Frick  Coke  Company,  Otto-Hoffman  Coke- 
Ovens,  A.  Garrison  Foundry  and  Machine  Works,  Mononga- 
hela Furnaces  and  Steel-Works,  Bridgewater  Gas  Company, 
Mcintosh,  Hemphill  &  Company's  Foundry  and  Machine 
Works,  Star  Tin  Plate  Works,  Jones  and  Laughlins  Steel- 
Works,  Oliver  &  Poberts  Wire  Company. 

Members,  Associates  and  Guests  Registered. 
The  following  persons  were  registered  at  hotel  headquarters  : 


Taylor  AUderdice. 
E.  Wilson  Anderson. 

E.  D.  Arnold. 

F.  E.  Baohman. 
Charles  Bailey. 
David  Baker. 
P.  T.  Berg. 
George  Best. 
W.  H.  Bradley. 
William  Clinton  Brown. 
J.  M.  Camp. 

Henry  R.  Cassel. 
George  H.  Clapp. 
E.  T.  Clymer. 


Lee  S.  Clymer. 
W.  B.  Cogswell. 
James  M.  Colwell. 
Charles  Connor. 
P.  H.  Conradson. 
Robert  A.  Cook. 
W.  E.  Corey. 
Eugene  Coste. 
Justice  Cox,  Ji\ 
Fred.  Crabtree. 
Walter  Crafts. 
F.  Hearne  Crockard. 
Ralph  Crook er,  Jr. 
Benedict  Crowell. 
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Benjamin  Crowthcr. 
S.  W.  Croxton. 
James  Darsie. 
David  T.  Day. 
George  A.  Dean. 
C.  E.  Dewey. 

F.  A.  Emmerton. 
W.  E.  C.  Eustis. 
Eichard  Eyre. 
Cteorge  Fauiice. 
E.  M.  Ferguson. 
William  Forsyth. 
Lewis  W.  Francis, 
Willard  Fuller. 
H.  D.  Gamble. 
James  Gay  ley. 

P.  H.  Griffin. 
William  Hainswortb. 
Charles  M.  Hall. 
George  W.  Harris. 
Edward  E.  Hewitt. 
Henry  D.  Hibbard. 
H.  L.  Hollis. 
J.  F.  Holloway. 
Howard  M.  Hooker. 
Theo.  M.  Hopke. 
W.  S.  Hungerford. 
Alfred  E.  Hunt. 
Eobert  W.  Hunt. 
Harold  Jeans. 

G.  E.  Johnson. 

J.  Edward  Keeler. 
Fred.  C.  Keighley. 
J.  G.  Kelly. 
Hugh  Kennedy. 
Julian  Kennedy. 
William  Kent. 

D.  G.  Kerr. 
Charles  Kirchhoff. 

E.  L.  Kurtz. 
H.  M.  Kurtz. 
H.  M.  Lash. 
E.  G.  Leckie. 
George  M.  Lehman. 
N.  Lilienberg. 
Stuart  Lindsley. 

E.  V.  McCandless. 
H.  McCormick,  Jr. 
Vance  C.  McCormick. 
Charles  McCrery. 
J.  C.  McDowell. 
E.  L.  McGary. 
.T.  King  McLanahan. 
James  MacNaughton. 
William  Metcalf. 
G.  S.  Morison. 


C.  A.  Morrison. 
M.  G.  Morse. 
C.  B  Murray. 
J.  W.  Murray. 
William  G.  Neilson. 
W.  H.  Nimick. 

H.  B.  0.  Nitze. 
H.  M.  Norris. 
G.  S.  Page. 

E.  W.  Parker. 

F.  S.  Pearson. 
William  II.  Peirce. 
Samuel  Peters. 
Francis  C.  Phillips. 
J.  J.  Pierce. 

J.  C.  Porter. 
W.  C  Ealston. 
Erskine  Eams.iy. 
Theodore  D.  Baud. 
R.  W.  Eaymoud. 
W.  H.  Eea. 
Arnold  K.  Eeese. 
F.  B.  Eichards. 
Eobert  H.  Eichards. 
Percival  Eobertson. 
Thomas  Eobius,  Jr. 
Cyrus  Eobinsou. 

D.  S.  Eobinson. 
T.  W,  Eobinson. 
Luther  A.  Eoby. 
Auguste  J.  Eossi. 
William  Eothoff. 
T.  S.  Eussell. 

O.  P.  Seaife. 

W.  L.  Seaife. 

F.  Z.  Schellenberg. 

James  Scott. 

S.  Taylor  Sheaffer. 

P.  G.  Shook. 

Clement  G.  Smith. 

J.  W.  Smith. 

Pemberton  Smith. 

T.  Guilford  Smith. 

E.  G.  Spilsbury. 
C.  E.  Stafford. 
H.  E.  Stanford. 
A.  A.  Stevenson. 
John  Stevenson,  Jr. 
W.  E.  Stirling. 
Edward  G.  Stoiber. 
J.  Sulton. 
Benjamin  Talbot. 
George  E.  Thackray. 
J.  M.  Thomas. 
John  L.  Thompson. 
Eobert  M.  Thompson. 
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Joseph  E.  Thropi),  Ji'- 
Theodore  Tonnele. 
D.  Townsend. 
Edward  N.  Trump. 
W.  R.  Tucker. 
James  W.  Tyson,  Jr. 
Edward  A.  Uehling. 
J.  S.  Un-er. 
Leonard  Waldo. 
Robert  L.  Walker. 
T.  B.  Walker. 
William  R.  Webster. 
Josepli  D.  Weeks. 
Charles  H.  Wellman. 
S.  T.  Wellman. 
John  Price  Wetherill. 


Charles  Wharton,  Jr. 
Henry  M.  Whitney. 
John  F.  Wilcox. 
William  H.Wiley. 
Frank  Williams. 
H.  A.  J.  Wilkens. 
John  Wilkes. 
A.  D.Wilkins. 
William  Wilkins. 
W.  G.  Wilkins. 
Jones  Wister. 
James  P.  Witlierow. 
E.  T.  Wood. 
J.  A.  Wood,  Jr. 
Samuel  Woods. 


Proceedings  of  the  Seventy-First  Meeting,  Colorado, 
September,   1896. 

General  Executive  Committee. 

Kichard  Pearce,  Chairman;    H.  Van  F.  Furnian,  J.  A.  Porter,  T.  A.  Rickard, 

E.  B.  Lawrence,  H.  V.  Pearce,  T.  B.  Stearns,  P.  H.  Van  Diest. 

Local  Committees. 

Denver. — J.  B.  Grant,  Chairman;  W.  L.  Austin,  F.  Dillingham,  H.  W.  Hob- 
son,  N.  P.  Hill,  H.  R.  Wolcott,  D.  Sheedy,  J.  F.  Vaile,  G.  C.  Munson,  H.  A. 
Vezin,  F.  E.  Hartman,  A.  Gove,  J.  W.  Nesmith,  D.  H.  Moffat,  S.  T.  Smith,  H. 
II.  Lee,  C.  J.  Hughes,  Jr.,  H.  E.  Wood,  W.  S.  Ward,  T.  E.  Schwarz,  E.  E.  Bur- 
lingame,  John  Campion,  J.  B.  Farish,  J.  D.  Hawkins,  G.  E.  Randolph,  S.  Gug- 
genheim, S.  F.  Rathvon,  G.  W.  Pierce,  E.   O.  Wolcott,  C.  H.  Toll,  W.  B.  Page, 

F.  E.  Shepard,  E.  T.  Jeffery,  J.  A.  Thatcher,  J.  A.  Kebler,  T.  M.  Patterson,  T. 
S.  McMurray,  Eben  Smith,  A.  G.  Gorham,  E.  L.  Foucar. 

Cripple  Creek. — C.  J.  Mooi'e,  Chairman;  F.  T.  Freeland,  Wm.  Weston,  J.  S. 
Luckcraft,  William  Bainbridge,  F.  W.  Howbert,  J.  M.  Parker.  C.  Keith,  E.  N. 
Hawkins,  O.  B.  Willcox,  M.  L.  Chapman,  E.  Skewes,  T.  R.  Countryman,  H. 
Steele,  N.  H.  Cone,  B.  Hunt. 

Victor.— E.  L.  White,  J.  B.  Cunningham,  W.  B.  Briggs,  A.  B.  Bumstead,  J. 
Doyle,  J.  Harnan,  J.  H.  Mackenzie,  T.  R.  Woodbridge. 

Colorado  Sprinrjs. — R.  J.  Bolles,  Chairman;  W.  Devei'eux,  J.  H.  Bolles,  William 
Strieby,  C.  M.  MacNeill,  T.  Parrish,  A.  L.  Dickerman,  C.  E.  Palmer,  W.  F. 
Fisher,  J.  W.  Proudfit,  J.  J.  Hagerman,  W.  B.  Donaldson. 

Florence. — P.  Argall,  S.  F.  Rathvon,  G.  Robinson,  C.  F.  Lacombe. 

Pueblo. — A.  S.  Dwight,  Chairman;  Anton  Filers,  W.  W.  Allen,  T.  W.  Robin- 
son, C.  S.  Robinson,  Karl  Filers,  F.  E.  Harnden,  E.  P.  Matliewson,  W.  H. 
Howard,  P.  A.  Mosman,  E.  W.  Johnson. 

Central  City. — John  Best,  E.  LeN.  Foster,  J.  W.  Bostwick,  Forbes  Rickard,  A. 
L.  Collins,  Fred.  Kruse. 

Golden. — Regis  Chauvenet,  H.  Van  F.  Furman. 

Aspen. — D.  W.  Brunton,  Francis  T.  Freeland,  E.  M.  Rogers,  Frank  Bulkley,  S. 
I.  Hallett,  F.  M.  Taylor,  E.   Dunbar  Wright,  C.   E.   Doolittle,  Geo.  S.  Newman. 

Hotel  Headquarters  in  Denver. — The  Brown  Palace  Hotel. 

Hotel  Headquarters  at  Cripple  Creek. — The  National  Hotel. 

The  first  session  was  held  at  the  Brown  Palace  Hotel,  Den- 
ver, on  Monday,  September  21st,  at  2  p.m. 

Mr.  Richard  Pearce,  Chairman  of  the  Local  Execntive  Com- 
mittee, welcomed  the  Listitntc  to  Colorado,  apologizing  for  the 
absence  of  the  Governor  of  the  State,  who  had  promised  to  per- 
form this  office,  but  was  prevented  by  arduous  labors  connected 
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with  the  strike  at  Leadville,  and  the  critical  condition  of  affairs 
at  that  place  involving  executive  vigilance  and  action. 

After  a  suitable  reply  by  the  Secretary,  Mr.  Pearce,  as  an  ex- 
President  of  the  Institute,  assumed  the  chair  in  the  absence  ot 
the  President. 

The  following  announcements  were  made  from  the  Council : 

An  offer  on  the  part  of  the  Colorado  Scientific  Society  of  the 
free  use  of  its  rooms  in  the  Boston  Building  by  visiting  mem- 
bers and  guests. 

A  similar  offer  on  the  part  of  the  Denver  Society  of  Civil 
Engineers. 

Announcement  that  the  next  meeting  of  the  Institute  would 
be  held  in  Chicago  in  February,  1897. 

Announcement  of  the  death  of  Prof.  Auguste  Daubree,  an 
honorary  member  of  the  Institute,  and  of  a  biographical  notice, 
to  be  printed  hereafter. 

Announcement  of  the  death  of  Vice-President  Charles  A. 
Stetefeldt,  and  presentation  of  a  biographical  notice  by  the 
Secretary. 

Announcement  of  the  death  of  ex- Vice-President  J.  F.  Hollo- 
wa\',  and  of  a  biographical  notice  by  J.  F.  Le^^'i8,  Chicago,  111. 

The  following  papers  were  read  and  discussed  : 

The  Development  of  Colorado's  Mining  Industry,  by  T.  A. 
Ivickard,  State  Geologist,  Denver,  Colo. 

The  Occurrence  and  Behavior  of  Tellurium  in  Gold-Ores, 
more  Particularly  Avith  Reference  to  the  Potsdam  Ores  of  the 
Black  Hills,  South  Dakota,  by  Frank  C.  Smith,  Rapid  City, 
South  Dakota.  (Presented  by  the  Secretary  in  the  absence  of 
the  author.) 

Electrical  Mining  in  the  Rocky  Mountain  Region,  by  Irving 
Hale,  Denver,  Colo. 

Additions  to  the  Power-Plant  of  the  Standard  Consolidated 
Mining  Company,  by  Robert  G.  Brown,  Bodie,  Cal. 

The  discussion  of  tliese  two  papers  was  adjourned  to  the  next 
session. 

After  adjournment,  Mr.  H.  B.  C.  Nitze,  of  South  Bethlehem, 
Pa.,  exhibited  in  operation  a  working-model  of  the  Wetherill 
magnetic  separator,  described  in  the  paper  of  Messrs.  AVilkens 
and  Xitze,  presented  at  the  Pittsburgh  meeting,  on  "  The  Mag- 
netic Separation  of  Xon-Magnetic  Material." 


PROCEEDINGS    OF    THE    COLORADO    MEETING.  XXXI 

The  second  session  was  held  at  the  Brown  Palace  Hotel  on 
Tnesday  evening,  September  22d ;  Vice-President  II.  S.  Cham- 
berlain occupied  the  chair  at  this  and  subsequent  sessions.  After 
an  exceedingly  interesting  discussion  of  the  papers  of  Mr.  Hale 
and  Mr.  Brown,  presented  at  the  preceding  session,  the  follow- 
ing paper  was  presented  by  the  Secretary  in  the  absence  of  the 
author : 

Silver-Losses  in  Cupellation,  by  L.  D.  Godshall,  Everett, 
Washington. 

In  connection  with  the  same  sul)ject,  the  following  paper  was 
read  and  discussed : 

An  Improved  Assay-Mutfle,  by  Arthur  S.  Dwight,  Pueblo, 
Colo. 

The  following  paper  was  read  and  discussed : 

Sketch  of  a  Portion  of  the  Gunnison  Gold-Belt,  Including  the 
Vulcan  and  Mammoth  Chimney  Mines,  by  Arthur  Lakes, 
Denver,  Colo. 

The  following  papers  were  presented  in  printed  form : 

The  Smuggler  Union  Mines,  Telluride,  Colorado,  by  J.  A. 
Porter,  Denver,  Colo. 

Gold  in  Granite  and  Plutonic  Rocks,  by  AV.  P.  Blake, 
Tucson,  Ariz. 

The  Enterprise  Mine,  by  T.  A.  Rickard,  Denver,  Colo. 

Further  IS^otes  on  the  Alabama  and  Georgia  Gold-Fields,  by 
W.  M.  Brewer,  Atlanta,  Ga. 

Gold  in  the  Guyanas,  by  Henry  G.  Granger,  Buenaventura, 
Colombia,  S.  A. 

Note  on  a  Shaft-Fire  and  Its  Lesson,  by  Robert  G.  Brown, 
Bodie,  Cal. 

Action  of  Blast-Furnace  Gases  Upon  Various  Iron-Ores,  by 
0.  0.  Laudig,  Buftlilo,  K  Y. 

The  Microstructure  of  Steel  and  the  Current  Theories  of 
Hardening,  by  Albert  Sauveur,  Chicago,  111. 

The  Actual  Accuracy  of  Chemical  Analysis,  by  F.  P.  Dewey, 
Washington,  D.  C. 

Rapid  Section-Work  in  Horizontal  Rocks,  by  M.  II.  Cam[»- 
bell,  Washington,  D.  C. 

Laboratory-Note  on  the  Heat-Conductivity,  Expansion  and 
Fusibility  of  Fire-Brick,  by  J.  D.  Pennock,  Syracuse,  N.  Y. 

The  Bertrand-Thiel  Open-Hearth  Process,  by  Joseph  Harts- 
horne,  Philadelphia,  Pa. 
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'Note  Oil  Copper  in  Iron  and  Steel,  by  R.  W.  Raymond,  New 
York  City. 

Traces  of  Organic  Remains  from  the  Huronian  (?)  Series  at 
Iron  Mountain,  Michigan,  etc.,  by  W.  S.  Gresle}^  Erie,  Pa. 

Also  communications  in  discussion  of  the  following  papers : 

Mr.  Laudig's  paper  (above  mentioned). 

Mr.  Bayliss's  paper  (Pittsburgh  meeting)  on  the  Accumula- 
tion of  Amalgam  on  Copper  Plates. 

Mr.  Thackray's  paper  (Atlanta  meeting)  on  the  Determina- 
tion of  Phosphorus  in  Steel. 

Mr.  Schmitz's  paper  (Pittsburgh  meeting)  on  Copper-Ores  in 
the  Permian  of  Texas. 

Mr.  Rickarcl's  paper  (Pittsburgh  meeting)  on  A^ein- Walls. 

And  the  following  papers  \tere  read  by  title  : 

Occurrence  and  Treatment  of  Gold-Ores  in  Park  County, 
Colorado,  by  B.  Sadtler,  Denver,  Colo. 

Occurrence  of  Gold-Ores  in  the  Rainy  River  District,  Onta- 
rio, Canada,  by  "William  Hamilton  Merritt,  Toronto,  Can. 

The  third  session  was  held  in  the  National  Hotel  at  Cripple 
Creek,  on  Wednesday  evening,  September  23d.  The  following 
papers  were  read  and  discussed : 

Faulting  and  Accompanying  Features  Observed  in  Glacial 
Gravel  and  Sand  in  Southern  ^Michigan,  by  Carl  Henrich, 
Xoble,  111. 

The  following  papers  were  presented  in  printed  form  : 

A  Modern  Silver-Lead  Smelting-Plant,  by  L.  S.  Austin, 
Denver,  Colo. 

The  Sulphuric- Acid  Process  of  Treating  Lixiviation-Sul- 
phides,  by  F.  P.  Dewey,  AYashington,  D.  C. 

And  the  following  were  read  by  title : 

Ore-Shoots  of  Cripple  Creek,  Colorado,  by  Edward  Skewes, 
Cripple  Creek,  Colo. 

Phosphate-Deposits  of  Arkansas,  by  John  C.  Branner,  Stan- 
ford University,  Cal. 

The  Use  of  the  Tremain  Steam-Stamp  in  Amalgamation,  by 
Edwin  A.  Sperry,  Gunnison,  Colo. 

Magnetic  Observations  in  Geological  Mapping,  by  II.  L. 
Smyth,  Cambridge,  Mass, 

Some  Mines  of  Rosita  and  Silver  Cliff',  Colorado,  by  S.  F. 
Emmons,  Washington,  D.  C. 
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The  fonrtli  and  final  session  was  held  at  the  School  of  Mines, 
Golden,  Colo.,  on  Monday  evening,  September  28th. 

The  following  paper  was  read  and  discussed : 

Solution  and  Precipitation  of  Cyanide  of  Gold,  by  S.  B. 
Christy,  Berkeley,  Cal. 

The  followino-  papers  were  presented  in  pamphlet  form  : 

Laboratory-Tests  in  Connection  with  the  Extraction  of  Gold 
from  Ores  by  the  Cyanide-Process,  by  Howard  Van  F.  Furman, 
Denver,  Colo. 

The  Cyanide-Process  in  the  United  States,  by  George  A. 
Packard,  Boston,  Mass. 

The  Concentration  of  Ores  in  the  Butte  District,  Montana, 
by  Charles  W.  Goodale,  Butte,  Mont. 

Middle-Product  Jig,  by  E.  G.  Tuttle,  i^ewark,  N".  J. 

Excentric  Jig,  with  Adjustable  and  Automatic  Lower  Dis- 
charge Arranged  for  the  Full  Width  of  the  Bed  and  for  One 
or  More  Compartments,  by  E,  G.  Tuttle,  Newark,  N.  J. 

After  the  adoption  of  a  resolution  instructing  the  Secretary 
to  express  to  the  several  individuals  and  corporations  concerned 
the  thanks  of  the  Institute  for  courtesies  received,  the  meeting 
was  adjourned. 

Members  and  Associates  Elected. 
The  following  persons  were  elected  by  mail,  April,  1896. 


Members. 


Frank  Anderson, 
Eichard  VV.  Bailey, 
Lafayette  Grant  Burton, 
James  Macdonald  Caldervvood, 
E.  H.  Cook,  .... 
Konrad  K.  R.  Engel,  . 
James  Hart  P'awcett,    . 
I'liilip  L.  Foster, 
Edward  Halse,     . 
Herbert  C.  Hoover, 
Bertram  Hunt,     . 
Josepli  Mac  Donald, 
J.  Lawrence  Malm, 
Burdett  Moody,  . 
Thomas  D.  Murphy,    . 
Chester  Wells  Purington,     . 
Edward  Danforth  Self, 
William  H.  Tonking,  . 
Charles  Van  Isschot,    . 


Salt  Lake  City,  Utah. 
Pottstown,  Pa. 
Salt  Lake  City,  Utah. 
Helena,  Mont. 
Globe,  Ariz. 
Essen,  Germany. 
Coolgardie,  W.  Australia. 
New  York  City. 
Coolgardie,  W.  Australia. 
San  Francisco,  Cal. 
Denver,  Colo. 
Gem,  Idaho, 
Cleveland,  Ohio. 
Lead,  S.  Dakota. 
Hanjua  Hala,  Ariz. 
Wasliington,  D.  C. 
South  Orange,  N.  J. 
Port  Oram,  N.  J. 
Guayaquil,  Ecuador,  S.  A. 
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Associates. 


George  F.  C.  Hosking, 
J.  W.  Stearns, 


Whangarei,  Auckland,  N.  Z. 
Denver,  Colo. 


The  following  persons  were  elected  as  members  or  associates 


at  the  sessions  of  the  meeting. 


Members. 


Truman  H.  Aldrich,  Jr., 
Miltiades  Th.  Armas,  . 
Richard  M.  Atvvater,  Jr., 
Ebenezer  C.  Babbitt,    . 
Franklin  Baker,  Jr.,    . 
Leon  H.  Barnett, 
James  Brady, 
Maurice  Andrews  Bucke, 
William  Carkeek, 
William  A.  Carlyle,     . 
Eduardo  Justo  Chibas, 
Hopewell  Clarke, 
T.  Launcelot  Dawson, 
Samuel  Dixon,     . 
John  R.  Don, 
Charles  Horace  Doolittle, 
Fernand  .J.  Dorion, 
John  Essen, 
Arthur  Wiley  Evans,  . 
Wallace  Fairbank, 
James  Hart  Fawcett,    . 
C.  N.  Fenner, 
Robert  Jay  Forsythe,  . 
Wilson  P.  Foss,   . 
John  D.  Gilchrist, 
Eugene  Louis  Giroux, 
Meade  Goodloe,  . 
Gustave  M.  Gouyard,  . 
John  A.  Grant,    . 
Julius  Grillo, 
Edgar  Hall, 
Rasmus  Hanson,  . 
C.  Leiand  Harrison, 
Victor  C.  Heikes, 
Martin  Joseph  Heller, 
Victor  G.  Hills,  . 
William  J.  Isaacson,    . 
Charlie  Eakin  James,  . 
L.  J.  W.  Jones,  . 
Thomas  S.  Jones, 
Carl  Koelle, 
Arthur  Lakes, 


Birmingham,  Ala. 
Sonora,  Mexico. 
London,  England. 
Cripple  Creek,  Colo. 
Soutii  Chicago,  111. 
Rico,  Colo. 

Victoria,  British  Columbia. 
Kaslo,  British  Columbia. 
Butte,  Mont. 

Victoria,  British  Columbia. 
New  York  City. 
St.  Paul,  Minn. 
Panama,  S.  A. 
Macdonald,  W.  Va. 
Dunedin,  New  Zealand. 
Silverton,  Colo. 
Sonora,  Mexico. 
Chatteris,  England. 
Petros,  Tenn. 
Congress,  Ariz. 
Coolgardie,  W.  Australia. 
New  York  City. 
Cambridge,  Mass. 
Haverstraw,  N.  Y. 
Iron  Mountain,  Minn. 
Jerome,  Ariz. 
Congress,  Ariz. 
Denver,  Colo. 
Lost  Creek,  Pa. 
Hamborn,  Germany. 
Queensland,  Australia. 
Eureka,  Colo. 
Philadelphia,  Pa. 
Sunsiiine,  Utali. 
San  Francisco,  Cal. 
Cripple  Creek,  Colo. 
Cincinnati,  Ohio. 
Cliattanooga,  Tenn. 
Denver,  Colo. 
Salt  Lake  City,  Utah. 
Argentine,  Kan. 
Denver,  Colo. 
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Allan  G.  Lamson, 

James  G.  Lartii,  . 

Henry  P.  Lowe,  . 

]S'athan  T.  Mansfield,  . 

Emile  M.  C.  du  Marais, 

Thomas  Bruce  Marriott, 

William  B.  Millikeii,  . 

H.  W.  Mitchell,  . 

Ilarrv  Sanderson  Mulliken, 

Ciiarles  H.  Munger,     . 

John  W.  Nesmith, 

Thomas  Nichol,  . 

Stanley  H.  Pearce, 

Ednunul  B.  Preston,     . 

Dr.  Charles  Pret, 

R.  Recknagel, 

George  Samuel  Rice,    . 

Edgar  Rickard,    . 

T.  P.  Rigney,       . 

John  Ross,  Jr.,     . 

B.  Sadtler,   . 

Edwin  F.  Saxraan, 

Frank  Edward  Shepard, 

S.  Rodmond  Smith, 

Stephen  Westropp  Stacpoole, 

"William  A.  Stanton,    . 

John  Marins  Timm,     . 

Luther  Wagoner, 

William  Watson, 

William  Weston, 

Charles  Livy  Whittle, 

James  Wilding,  Jr.,     . 

Walter  H.  Wiley, 

Richard  Henry  Williams, 

William  Duncan  Williamson, 


Salt  Lake  City,  Utah. 

Johannesburg,  S.  African  Rep. 

Denver,  Colo. 

Telluride,  Colo. 

Rlione,  France. 

Brazil,  S.  A. 

Cripj)le  Creek,  Colo. 

Pueblo,  Colo. 

Pilot  Bay,  British  Columbia. 

Ironwood,  Mich. 

Denver,  Colo. 

Glenjean,  W.  Va. 

Denver,  Colo. 

San  Francisco,  Cal. 

Durango,  Colo. 

Bourne,  Oregon. 

Ottumwa,  Iowa. 

Keswick,  Cal. 

Cripple  Creek,  Colo. 

Sutter  Creek,  Cal. 

Denver,  Colo. 

Latrobe,  Pa. 

Denver,  Colo. 

Wilmington,  Del. 

Mexico,  Mexico. 

Pittsburgh,  Pa. 

Pilgrims'  Rest,  South  Africa. 

San  Francisco,  Cal. 

Johannesburg,  S.  African  Rep. 

Cripple  Creek,  Colo. 

Cambridge,  Mass. 

Chihuahua,  Mexico. 

Idaho  Springs,  Colo. 

Guanajuato,  Mexico. 

Greenock,  Scotland. 


Associates. 


Alfred  Ciiester  Beatty, 
Robert  Montague  Browne, 
Charles  E.  Finney, 
William  D.  Gordon, 
John  Gross, . 
Frank  H.  Lerchen, 
Frank  W.  Popple, 
Edward  Copp^e  Thurston, 
Gustave  Thorkildsen,  . 


Associates  Made 


Richard  S.  McCaffery, . 
Russell  T.  Mason, 
Joseph  Philips,  Jr., 
Carlos  Yglesias  y  Castro, 


New  York  City. 
Perth,  W.  Australia. 
Argentine,  Kan. 
Chicago,  111. 
Elyria,  Colo. 
Denver,  Colo. 
Denver,  Colo. 
Freiberg,  Saxony. 
Chicago,  111. 

Members. 

New  York  City. 
Houghton,  Mich. 
San  Jos^,  C.  A. 
San  Jos^,  C.  A. 
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Excursions  and  Entertainments. 

Monday  evening,  September  21st,  the  members  and  guests 
of  the  Institute  were  gracefully  entertained  at  an  afternoon  tea 
at  the  residence  of  Mr.  Richard  Pearce. 

Tuesday  morning,  September  22d,  an  excursion  was  made  by 
special  train  to  the  works  of  the  Boston  and  Colorado  Smelting 
Company,  and  the  Omaha  and  Grant  Smelting  and  Refining 
Company. 

Tuesday  afternoon,  an  excursion  was  made  by  special  train  to 
Fort  Logan,  where  the  party  was  enabled,  through  the  courtesy 
of  Gen.  Wheaton,  commanding  the  department,  and  Col. 
Merriam,  commanding  the  post,  to  witness  not  only  a  dress- 
parade  of  the  cavalry  and  infantry  there  stationed,  but  also  a 
most  interesting  exhibition  of  the  conditions  and  operations  of 
actual  field-service,  including  the  making  and  "  striking  "  of 
camp  by  the  infantry,  the  handling  of  horses  by  the  cavalry, 
bareback-riding,  etc. 

Wednesday,  September  23d,  a  special  train,  leaving  Denver  at 
9  A.M.,  conveyed  the  Institute  party,  via  Colorado  Springs,  to 
Cripple  Creek,  which  was  reached  late  in  the  afternoon.  The 
remainder  of  the  day,  the  whole  of  Thursday,  and  the  morning 
of  Friday,  were  spent  in  visiting  the  leading  mines  and  reduc- 
tion-works of  Cripple  Creek  and  Victor,  including  the  Anclioria- 
Leland,  Rebecca,  Portland,  Independence,  Isabella,  Strong, 
Anaconda,  Moose,  Elkton  and  other  mines,  and  the  Taylor  and 
Brunton  and  A^ictor  sampling-works,  the  Brodie  cyanide-works, 
and  the  El  Paso  chlorination-works  (at  Gillett). 

Thursday  evening,  September  24th,  a  banquet  was  given  by 
the  Cripple  Creek  Local  Committee  to  the  visiting  members 
and  guests  of  the  Institute  at  the  Xational  Hotel.  In  view  of 
the  fact  that  the  town  had  been  but  recently  almost  destroyed 
by  conflagration,  and  that  the  very  building  in  which  this  ban- 
quet took  place  was  not  yet  finished  for  regular  occupancy,  the 
complete  success  of  the  entertainment  reflected  special  credit 
on  the  energy  and  skill  of  the  Local  Committee. 

Friday  evening,  September  2oth,  an  elegant  reception  was 
given  to  the  visiting  members  and  guests  of  the  Institute  by 
the  Colorado  Springs  Local  Committee,  at  the  El  Paso  Club, 
Colorado  Springs,  after  which,  at  1  a.m.,  the  special  train  pro- 
ceeded to  Pueblo  for  breakfast,  and  thence  to  Florence. 
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Saturday  morning,  September  2Gtli,  was  spent  in  visiting  the 
cyaniile-works  of  the  Metallie  Extraction  Company,  at  Cyanide 
station,  and  the  oil-wells  and  refinery  of  the  United  Oil  Com- 
pany at  Florence.  At  the  latter  place  an  interesting  array  of 
products  was  exhibited,  and  the  visitors  were  adorned  with 
nosegays  of  wild  flowers  by  the  children ;  and  baskets  of  magnifi- 
cent fruits,  grown  at  Florence,  were  placed  on  the  train  before 
its  departure. 

Arrivino;  au'ain  in  l*ueblo  at  1.30  p.m.,  the  visitors  became 
the  guests  of  the  Pueblo  Local  Committee.  The  afternoon  was 
spent  in  excursions  to  the  steel-works  of  the  Colorado  Fuel  and 
Iron  Company  and  the  lead-smelting  works  of  the  Colorado 
Smelting  Company,  the  Pueblo  Smelting  and  Refining  Com- 
pany, and  the  Philadelphia  Smelting  and  Refining  Company. 
At  6.30  P.M.  a  supper  was  given  to  the  party  in  the  beautiful 
Minnequa  club-house,  on  the  banks  of  Minnequa  Lake,  which 
was  picturesquely  illuminated  with  electric  lights.  The  supper 
was  followed  by  a  reception  and  dancing,  after  which  the  party 
was  conveyed  in  trolley-cars  to  the  Union  Depot,  and  the 
special  train  left  for  Colorado  Springs  and  Denver  shortly  be- 
fore midnight. 

Sunday  was  spent  at  Manitau  by  many  of  the  party,  and  a 
considerable  number  made  the  trip  to  the  top  of  Pike's  Peak. 

Monday  morning,  September  28th,  a  special  train  left  Denver 
for  Black  Hawk,  where  lunch  was  furnished,  and  a  special  train 
on  the  Gilpin  tramway  conveyed  the  party  to  visit  the  Gold 
Coin,  Gregory-Bobtail,  Saratoga  and  California  mines,  and  to 
enjoy  the  grand  prospect  from  the  summit  of  the  divide. 

Monday  afternoon  the  party  returned  to  Golden,  where  an 
elegant  supper  and  reception  were  given  by  the  Local  Com- 
mittee at  the  School  of  Mines,  the  building,  collections  and  ap- 
pointments of  which  were  inspected  with  admiration  and  pleas- 
ure. After  a  brief  evening  session,  the  party  returned  to  Den- 
ver, arriving  late  at  night. 

Tuesday  morning,  September  29th,  a  considerable  number 
of  visiting  members  and  guests  left  Denver,  via  the  Colorado 
Midland  route,  for  Glen  wood  Springs  and  Aspen.  The  luxury 
of  the  Hotel  Colorado  and  of  the  famous  baths  and  svi^imming 
pool  was  thoroughly  appreciated. 

Wednesday  afternoon  was  spent  at  Aspen,  where,  by  virtue 
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of  the  admirable  arrano:ements  of  the  Local  Committee,  the 
party  was  enabled  to  inspect  the  Cowenhoven  tunnel  and  the 
mines  connected  with  it,  the  electric-power  plants  which  have 
made  Aspen  famous,  and  some  of  the  concentration-  and  reduc- 
tion-works. After  enjoying,  at  5.30  p.m.,  a  dinner  given  by  the 
Local  Committee,  the  guests  left  for  Glenwood  at  7.05  p.m. 

Thursday  was  spent  in  returning  to  Pueblo  and  Denver  via 
the  Rio  Grande  route,  including  the  passage  of  the  canon  of 
the  Grand,  the  Arkansas  valley  and  the  Royal  Gorge. 

Members,  Associates  and  Guests  Registered. 
The  following  list  is  based  almost  wholly  on  the  register  at 
the  Hotel-Headquarters  in  Denver,  and  doubtless  does  not  in- 
clude the  names  of  many  who  participated  in  the  sessions  at 
other  places  : 


William  S.  Ackerman. 
William  A.  Akers. 
Walter  W.  Allen. 
George  A.  Anderson. 
Philip  Argall. 
J.  R.  Ashley. 
William  Bainbridge. 
John  Birkinbine. 
Eichard  J.  BoUes. 
Robert  G.  Brown. 
William  Clinton  Brown. 

D.  W.  Brunton. 
F.  G.  Bulkley. 

E.  E.  Burlingarae. 
Donald  W.  Campbell. 
George  Cannon. 
Henry  R.  Cassel. 
Franz  Cazin. 

H.  S.  Chamberlain. 
Regis  Chauvenet. 
J.  Morgan  Clark , 
Arthur  L.  Collins. 
N.  H.  Cone. 
Edgar  S.  Cook. 
William  Coumerilh. 
T.  R.  Countryman. 
B.  L.  Creves. 
Frank  H.  Crockard. 
W.  W.  J.  Croze. 
K.  H.  Darton. 
William  C.  Davis. 
David  T.  Day. 


W.  S.  De  Camp. 
Theodore  Dengler. 
W.  B.  Devereux. 
C  E.  Dewey. 
Alton  L.  Dickerman. 
Arthur  S.  Dwight. 
A.  Filers. 
Karl  Eilers. 
W.  E.  C.  Eustis. 
Franz  Fohr. 
Ernest  Le  Neve  Foster. 
Edouard  L.  Foucar. 
Francis  T.  Freeland. 
George  B.  Fress. 
Howard  Van  F.  Furman. 
Herman  Garlichs. 
Austin  G.  Gorham. 
G.  M.  Gouyard. 
James  B.  Grant. 
H.  M.  Griffin. 
Franklin  Gulterraan. 
Irving  Hale. 

F.  E.  Harnden. 
Frank  E.  Hartraan. 
Edwin  N.  Hawkins. 
J.  D  Hawkins. 

G.  C.  Hewitt. 
Rossiter  Howard. 
F.  W.  Howbert. 
Benjamin  P.  Howell. 
Bertram  Hunt. 

C.  E.  .James. 
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R  H  Jeffrey. 
Walter  P.  Jenney. 
E.  W.  Johnson 
Julian  A.  Kebler. 
Edmund  U.  Kirby. 
G.  Lava<::nino. 
Benjamin  !>.  Lawrence. 
H.  C.  Lay. 
L  P.  Lib  me. 
Charles  H.  Livingston. 
Richard  W.  Lodge. 
Henry  P.  Lowe. 
John  S.  Luckraft. 
Fdwin  Ludlow. 
AVilliam  R.  Mcllvain. 
William  INIcKell. 

D.  McYichie. 

E.  du  Marais. 

E.  P.  Mathewson. 
Charles  C  Mattes. 
De  Courcy  May. 
Frank  P.  Mills. 
Charles  J.  Moore. 
B.  F.  Morley. 
P.  A.  Mosman. 
J.  Stanley  Muir. 
George  C.  Munson. 
H.  B  C.  Nitze. 
George  S.  Oliver. 
Edward  W.  Parker. 
Riciiard  Pearce. 
Edmund  C  Pechin. 
R.  A.  F.  Penrose,  Jr. 
William  H.  Pettee. 
William  Plummer. 
J.  A.  Porter. 


George  E.  Potts. 
R.  W.  Raymond. 
George  S.  Raymer. 
George  S.  Rice. 
Forbes  Rickard. 
T.  A.  Rickard. 
Heinrich  Ries. 
James  D.  Robertson. 
C.  Snelling  Robinson. 
E.  M.  Rogers. 
John  E.  Rotbwell. 
T.  E.  Schwarz. 
H.  J.  Seaman. 
A.  W^.  Sheafer. 
T.  E.  Shepard. 
Edward  Skewes. 
George  W  Small. 
Frank  McM.  Stanton. 
Llarry  H.  Taft. 
James  F.  Tarwater. 
John  W.  Taylor. 
William  D.  Thornton. 
Thomas  Tonge. 
Edgar  G   Tuttle. 
John  J.  Vandemaer. 
Henry  A.  Vezin. 
Dr.  Elwyn  Waller. 
William  Shaw  Ward. 
Willard   Warner,  Jr. 
William  Watson. 
Charles  H.  Wellman. 
William  Weston. 
Howard  Wierum. 
John  Wilkes. 
Elwood  J.  Wilson. 
T.  R.  Woodbridge. 
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The  Cycle  of  the  Plunger-Jig. 

BY  ROBERT  H.    RICHARDS,    BOSTON,   MASS. 

(Pittsburgh  Meeting,  February,  1890.) 

In  the  discussion  of  my  paper  on  "  Close  Sizing  Before  Jig- 
ging," *  Mr.  Louis  remarks :  f  "  What  we  really  need  to  know 
as  the  hasis  of  any  consistent  theory  (of  jigging)  is  what  occurs 
during  each  hundredth  of  a  second." 

It  is  clear  that  for  the  further  study  of  the  laws  involved,  a 
jig-tester  is  needed  which  will  give  curves  representing  the 
amount,  rate  and  kind  of  motion  taken  on  by  the  plunger,  the 
water  and  the  sands.  In  pursuance  of  this  idea  the  author 
has  designed  a  jig-indicator  for  drawing  curves  illustrating  the 
action  of  plunger-jigs.  The  indicator  (see  Fig.  1)  consists  of  a 
cylinder,  a,  of  brass,  8  inches  long,  6  inches  diameter,  with  its 
axis  vertical,  suspended  from  and  continuous  with  a  bicycle 
ball-bearing,  />,  to  eliminate  friction.  The  cylinder  is  rotated 
by  clockwork,  c^  with  a  wind-wheel  escapement,  c/,  and  can  be 
made  to  revolve  from  3  to  25  times  per  minute,  according  to 
the  size  of  the  wind-wheel.  Upon  the  surface  of  the  cylinder 
is  wrapped  a  piece  of  paper,  8  inches  wide  and  20  inches  long, 
upon  which  the  curves  are  drawn.  Two  vertical  recording- 
rods,  e„  Cj,  running  in  anti-friction  roller-guides,////,  with  pen- 
cils, g g,  attached,  and  provided  with  devices  for  throwing  them 
into  gear  and  out  of  gear,  serve  to  record  vertical  motion  upon 
the  paper.  The  abscissa  of  the  curve  represents  time,  the  ordi- 
nate represents  movement  up  and  down.  The  curve  of  the 
plunger  is  obtained  by  a  vertical  rod,  h,  held  down  on  the  top 
of  the  plunger  and  transmitting  the  oscillations  of  the  latter  by 
a  horizontal  beam,  i,  oscillating  upon  its  center  point,  j,  as  a 
pivot  to  one  of  the  recording-rods,  e.^.  When  the  plunger 
moves  down,  its  pencil  records  an  upward  motion,  and  vice 
versa.     To  get  the  curve  of  the  surface  of  the  water  a  slab  of 

*  Trans.,  xxiv.,  409.  f  ^f^-,  P-  9J9- 
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cork,  I,  10  inches  square  and  1  inch  thick,  is  floated  upon  it  and 
attached  to  the  other  recording-rod,  e,,  direct.  Here  the  motion 
of  the  pencil  is  the  same  as  that  of  the  water.     The  curve  of  the 


Fig.  1. 


Jig-indicator. 

top-layer  of  quartz-sand  is  obtained  by  placing  on  the  sand  a 
piece  of  sieve-cloth  a  little  finer  in  mesh  than  the  grains  of 
quartz.  This  pulsates  up  and  down  with  the  sand,  and  when 
connected  to  one  of  the  recording-rods,  Ci,  gives  the  curve  of 
the   quartz.     The   curve    of  the   ore-bed  which   underlies  the 
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quartz  may  bo  obtained  by  sinking  the  piece  of  sieve-cloth  to 
the  desired  depth  and  attaching  it  to  the  recording-arm,  e^. 

Four  curves  are  thus  obtained :  that  of  the  plunger,  marked 
P  on  the  diagrams ;  that  of  the  water,  marked  W ;  that  of  the 
([uartz  or  rock,  marked  R;  and  that  of  the  ore-bed,  marked  0. 
(The  diagrams  are  shown  in  Figs.  2  to  41  inclusive,  all  of 
Avhich  are  of  natural  size.) 

In  the  actual  performance  of  the  tests  two  curves  only  are 
taken  at  a  time — namely,  those  of  the  plunger  and  the  water ; 
those  of  the  plunger  and  the  quartz  or  rock;  and,  finally,  those 
of  the  plunger  and  the  ore-bed.  The  diagrams  have  been  con- 
structed by  combining  these  drawings.  In  this  operation  it 
was  necessary  to  have  some  standard  by  which,  for  example,  the 
rock-curve  and  the  ore-curve  could  be  superposed  upon  the 
water-curve.  Such  a  standard  was  found  in  the  parallel 
plunger-curves  that  went  vnth  each.  Again,  the  superposed 
curves  would  often  come  longer  or  shorter  than  the  water- 
curve.  In  that  case  a  new  curve  was  sketched,  making  the  de- 
viation on  the  abscissa  proportional  to  the  distance  from  the 
starting-point. 

Curves  have  been  obtained  at  the  following  mills ;  the  Ana- 
conda, Montana  (argentiferous  sulphide  copper-ore) ;  the  Calu- 
met and  Hecla,  Michigan  (native  copper) ;  the  Revenue  Tun- 
nel, Colorado  (argentiferous  galena) ;  the  Smuggler,  Colorado 
(argentiferous  galena) ;  the  Old  Jordan  and  Gralena,  Utah  (au- 
riferous pyrites);  the  Colorado  Mining  and  Smelting  Co.,  Mon- 
tana (argentiferous  sulphide  copper-ore) ;  the  Bunker  Hill  and 
Sullivan,  Idaho  (argentiferous  galena) ;  the  Boston  and  Mon- 
tana Silver  and  Copper  Mining  and  Smelting  Co.,  Montana 
(argentiferous  sulphide  copper-ore) ;  and  the  Butte  and  Boston 
Alining  Co.,  Montana  (argentiferous  sulphide  copper-ore). 

Thanks  are  due  to  the  officers  of  these  companies  for  their 
kindness  in  aiding  me  to  make  these  tests  and  to  gain  the 
other  facts  here  presented. 

The  cards  at  the  Smuggler  mill  were  taken  by  Mr.  S.  I.  Hal- 
lett ;  the  rest  by  the  author. 

The  jigs  divide  themselves  into  two  main  classes,  the  plain 
excentric  Harz  jigs  and  the  accelerated  jigs,  including  the 
crank-arm,  the  sliding-block  and  the  Collom  jigs. 

Before  drawing  conclusions  as  to  the  meaning  of  the  curves 
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hero  shown,  it  will  be  well  to  recall  briefly  certain  facts  demon- 
strated in  my  paper  on  "  Close  Sizing  Before  Jigging."* 

It  was  there  shown  that  three  laws  of  jigging  had  been  ad- 
vanced by  various  authorities,  and  a  fourth  law  was  advanced 
by  the  author. 

1.  The  law  of  free-settling  particles  (the  equal-settling  parti- 
ticles  of  Rittinger). 

2.  The  law  of  hindered-settling  particles  (the  interstitial  cur- 
rents of  Munroe). 

3.  The  law  of  acceleration  (Rittinger). 

4.  The  law  of  suction  (advanced  by  the  author). 

The  results  obtained  on  free-settling  particles  are  embodied 
in  th(j  following  table,  corresponding  with  Table  VII.  of  the 
paper  above  cited : 


Table  I. — Free-Settling  Factors,  or  Multijyliers  for  Obtaining  the 
Diameters  of  Quartz  which  will  be  Equal-Settling  with  the  Mineral 
Specified  lohen  Settling  Freely  in  Am2)le  Water. 


Anthracite.... 

Epidote 

Sphalerite 

Pyrrhotite 

Clialcocite 

Arsenopyrite . 

Cassiterite 

Antimony 

Wolframite. . . 

Galena 

Copper 


.500 
1.57 


Velocity  in  inches  per  second. 


4.  5.  6.  7.  8 


Multipliers. 


.352 

.225 
1.05 

.213 
1.13 

1.35 

1.50 

1.61 

1.56 

1.46 

1.05 

1.17 

1.62 

1.64 

1.68 

1.73 

1.29 

1.48 

2.00 

2.22 

2.26 

1.90 

1.47 

1.62 

2.07 

2.28 

2.41 

1.90 

1.57 

1.89 

2.42 

2.56 

2.72 

2.11 

1.79 

2.00 

2.73 

2.93 

3.03 

2.71 

2.00 

2.00 

2.73 

2.93 

3.03 

2.71 

1.83 

2.07 

2.86 

3.04 

3.21 

2.71 

1.83 

2.26 

3.00 

3.42 

3.65 

2.71 

2.00 

2.36 

3.00 

3.20 

3.58 

1.56 
1.66 
2.13 
2.44 
2.84 
3.05 
2.98 
3.28 
3.76 
3,76 


1.47 
1.56 
2.08 
2.17 
2.94 
3.12 
3.00 
3.26 
3.75 
3.75 


Example. — If  a  compact  particle  of  galena,  falling  freely  in  water,  settles  7 
inches  per  second,  the  particle  of  quartz  of  the  same  shape  that  will  settle  at  the 
sameJ  rate  \vill  be  approximately  3.65  times  the  diameter  of  the  galena. 

The  law  of  hindered-settling  deals  with  particles  settling  in 
an  upward  current,  when  th^y  are  in  a  mass  and  are  bumping 
against  and  hindering  one  another ;  in  fact,  in  the  condition  of 
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quicksand.  Table  II.,  abstracted  from  "  Close  Sizing  Before 
Jigging,"  gives  the  author's  factors  for  particles  that  would 
settle  with,  and  be  adjacent  to,  each  other  under  these  condi- 
tions. 

Table  II. — Hindered-Settling  Factors,  or  Multijiliers  for  Ohtaimng 
the  Approximate  Diameter  of  the  Particles  of  Quartz  Settling  in 
a  Mass  of  Grains  that  will  he  in  Equilibrium  luith,  and  Adjacent 
to,  the  Mineral  Specified  f 

Particles  of  quartz  will  have  8.6  times  the  diameter  of  particles  of  copper. 

"  "  galena. 

"  "  wolframite. 

"  "  antimony. 

"  "  cassiterite. 

"  "  arsenopyrite. 

"  "  chalcocite. 

"  "  pyrrhotite. 

"  "  sphalerite 

(blende). 
"  "  epidote. 

"  "  quartz. 

Example. — If  mixed  grains  of  quartz  and  galena  are  allowed  to  arrange  them- 
selves in  a  mass,  hindering  and  elbowing  one  another  all  the  time,  in  an  upward- 
moving  current  of  water,  the  quartz  particles,  when  equilibrium  is  reached,  will 
be  found  to  have  approximately  5.8  times  the  diameter  of  the  particles  of  galena 
poised  alongside  of  them. 

I  use  here  the  terms  "  free-settling  factors  "  and  "  hindered- 
settling  factors  "  instead  of  the  phrases  "  equal-settling  factors  " 
and  "  interstitial-current  factors,"  respectively  used  in  my  former 
paper,  because  I  believe  the  new  phrases  are  more  expressive  of 
the  conditions  most  prominent  in  each  case. 

The  third  law,  Rittinger's  law  of  acceleration,  deals  with 
the  behavior  of  particles  suddenly  changing  their  condition 
from  rest  to  motion.  Rittinger  demonstrated  that  if  a  small 
particle  of  galena  were  adjacent  to  a  larger  particle  of  quartz, 
the  galena  would  reach  its  maximum  speed  of  settling  sooner 
than  the  quartz,  and  that  this  fact  would  aid  in  separating  the 
galena  particles  from  the  quartz. 

The  fourth  law  of  suction,  advanced  by  the  author,  is  well 
shown  by  the  figures  of  Table  III.,  abstracted  from  Table 
XLIII.  of  the  paper  on  "  Close  Sizing  Before  Jigging,"*  where 

*  Trans.,  xxiv.,  472. 
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a  series  of  tests  in  the  jigging  of  blende  and  quartz  together 
was  reported.  In  the  first,  the  blende  is  of  the  same  size  as 
the  quartz ;  in  the  others,  the  diameter  of  the  blende  is  dimin- 
ished in  each  successive  test.  The  measure  of  easy  or  difficult 
jigging  is  the  number  of  pulsions  needed  to  make  a  separation. 
The  amount  of  the  separation,  as  judged  by  the  eye,  is  inserted 
in  the  table. 

Table  III. — Jigging  Quartz  and  Sphalerite  (^Blende). 


Diameter  of  quartz 

In. 
0.0683 
0.0683 

In. 

0.0683 

In. 
0.0683 

In. 
0.0683 

In. 
0.0683 

In. 
0.0683 
0.0042j 

"          blende 

0.0429,  0.0262 

0.0195  0.0095 

Series  1,  with  Strong  Suction. 

Pulsions  needed  for  separation 

Per  cent,  of  blende  brought  down... 

2129 
96 

1676 
95 

1759 
95 

297 
95 

208 
99 

288 
99 

1 

Series  2,  with  Mild  Suction.                                                      i 

Pulsions  needed  for  separation 306 

Per  cent,  of  blende  brought  down...      99 

838 
99 

846 
100 

1382     1729 
98         97 

oc 
0 

1 

Series  3,  with  No  Suction. 

Pulsions  needed  for  separation 

Per  cent,  of  blende  brought  down... 

147 

98 

202       496 
95         50* 

oc 

0 

oc 
0 

oc 

0 

*  No  more  would  come  down. 

For  the  method  of  making  the  three  series  of  tests,  the  first 
with  strong  suction,  the  second  with  mild  suction,  and  the  last 
with  no  suction,  the  reader  is  referred  to  the  paper  cited. 

The  law  of  suction  seems  to  be  that  jigging  is  greatly  hin- 
dered by  strong  suction  where  the  two  minerals  are  nearly  of 
the  same  size,  the  quickest  and  best  work  being  then  done 
with  no  suction ;  *  but  that  when  the  two  minerals  differ  much 
in  size  of  particles,  the  quartz  being  the  larger,  strong  suction 
is  not  only  a  great  advantage,  but  may  be  necessary  to  get  any 
separation  at  all.f  My  experiments  have  indicated  an  approxi- 
mate boundary  between  grains  that  are  helped  and  those  that 
are  hindered  by  suction.  Namely,  if  the  diameter  of  the  quartz- 
particles  is  equal  to  or  greater  than  3.52  times  the  diameter  of 

*  Compare  the  first  column  of  Series  3  with  that  of  Series  1. 
f  Compare  tlie  fourth  column  of  Series  1  with  that  of  Series  3. 
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the  other  mineral-particles,  then  separation  is  helped  by  suc- 
tion; if  less,  separation  is  hindered.  This  value,  3.52  (obtained 
by  dividing  0.0683  by  0.0195),  is  approximate  only,  and  it 
"vvill  difler  with  the  fracture  of  the  quartz  under  consideration ; 
if  the  quartz  grains  are  much  Hattened  it  will  have  a  large 
value.  The  grains  are  of  such  irregular  shapes  that  geometrical 
analogy  fails  to  help  in  obtaining  a  value ;  for  example,  in  Fig. 
44  the  diameters  of  the  spheres  of  quartz,  a  a  a,  will  be  6.50 
times  that  of  the  ore,  h,  when  the  ore  can  slip  through  between 
the  quartz,  while  the  diameters  of  the  quartz  spheres,  c  c  c,  will 
be  only  2.44  times  that  of  the  ore,  d. 

Table  IV.  contains  the  measurements  and  computations  made 

Fig.  44. 


upon  the  jigs,  and  upon  the  cards  obtained  from  them.     The 
four  elements  that  are  new  are : 

1.  The  upward  velocity  of  the  water  on  the  pulsi on-side  of 
the  curve. 

2.  The  percentage  of  time  devoted  to  pulsion. 

3.  The  percentage  of  time  devoted  to  return. 

4.  The  percentage  of  time  devoted  to  suction. 

The  first  of  these  is  a  rather  weak  determination,  as  the  cards, 
even  of  an  excentric  jig,  did  not  always  show  exactly  the  same 
slope  on  both  sides.  They  are,  however,  accurate  enough 
(since,  where  the  error  exists,  it  makes  the  figure  a  little  too 
high)  to  demonstrate  the  fact  that  the  law  of  free-settling  par- 
ticles has  no  bearing  upon  jigging,  unless  it  may  apply  in  the 
case  of  a  few  stray,  floating  grains  on  the  surface  of  the  finest 
jigs;  for,  on  the  one  hand,  the  current  was  in  no  case  strong 
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enough  to  lift  tlie  particles  according  to  the  free-settling  law, 
and,  on  the  other  hand,  the  particles  were  not  under  free-set- 
tling conditions,  even  if  the  current  had  been  strong  enough. 


Fig.  42. 


PLAIN    HARZ    ECCENTRIC  JIG. 

Ideal  Diasrram. 


The  curves  of  water  and  quartz  will  be  of  most  interest,  be- 
cause it  is  from  the  qviartz  that  we  wish  to  catch  the  straying 
mineral,  and  it  is  by  the  water  that  we  wish  to  catch  it. 


Fig 

43. 
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Ideal  iJivigrani. 


It  will  bo  seen  upon  inspection  of  the  diagrams  that  the 
water-curve,  W,  and  the  quartz-curve,  R,  rise  to  their  highest 
points  and  then  descend,  but  that  the  quartz  always  gets  down 
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before  the  water.  We  may  say  that  there  are  three  periods : 
1.  Pulsion;  2.  Return;  and  3.  Repose  or  suction. 

To  aid  in  this  discussion,  two  ideal  diagrams  (Figs.  42  and 
43)  have  been  drawn.  In  Fig.  43  two  top-curves  are  given ; 
the  flat  top,  e,  and  the  pointed  top,  d.  A  few  of  the  diagrams 
(Figs.  26,  28,  33  and  34),  indicate  that  the  flat  top  is  normal ; 
but  the  remaining  accelerated-jig  curves  speak  for  the  pointed 
top. 

The  three  periods  named  may  be  further  discussed  as  fol- 
lows : 

Period  I. — Pulsion,  P,  or  upward  movement.  The  water- 
and  quartz-curves  diverge,  because  the  water  is  moving  up 
faster  than  the  quartz.  Here  the  law  of  hindered  settling  is 
acting  to  bring  the  coarse  galena  below  the  quartz,  and  the 
fine  galena  adjacent  to,  and  in  equilibrium  with,  the  proper  size 
of  quartz. 

Period  II. — Return  downwards,  T,  which  is  divided  into 
three  periods : 

(a)  A  moment  when  the  quartz-  and  water-curves  are  con- 
verging, because  the  water  is  moving  down  faster  than  the 
quartz.  Here  the  fine  arrains  of  galena  acquire  their  maximum 
velocity  downwards  before  the  coarse  grains  of  quartz ;  and 
hence  Rittinger's  law  of  acceleration  is  probably  at  work,  help- 
ing the  fine  galena  to  get  below  the  coarse  quartz. 

(6)  A  moment  when  the  two  lines  of  quartz  and  water  are 
parallel,  that  is,  a  moment  of  relative  idleness  as  to  separation. 

(c)  A  moment  when  the  curves  of  quartz  and  water  are  di- 
verging. The  sand  is  falling  faster  than  the  water;  hence  the 
law  of  hindered  settling  is  again  at  work. 

Period  III. — Suction,  S.  Here  the  sand  reposes  upon  the 
sieve.  The  water-curve,  "W,  is  converging  rapidly  towards  the 
horizontal  quartz-line,  R;  therefore,  the  water  is  passing  down 
through  the  sand  at  a  high  rate  of  speed.  Here  suction  comes 
in  to  draw  downwards  through  the  interstices  the  small  parti- 
cles of  galena  which  the  law  of  hindered  settling  has  placed 
adjacent  to,  and  in  equilibrium  with,  the  larger  particles  of 
quartz. 

Having  thus  ol)scrved  the  periods  into  which  jigging  is  di- 
visible, may  we  not  conclude  that  a  jig  which  is  spending  longer 
time  upon  the  pulsion  is  doing  the  work  of  pulsion  more  thor- 
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oughlj,  and  that  a  jig  which  devotes  more  time  to  suction  is 
performing  that  special  work  more  thoroiiglily  ?  It  should  be 
noted  here  that  the  period  of  return  counts  to  a  greater  or  less 
extent  as  suction,  particularly  upon  the  jigs  treating  the  finer 
sizes  (as  shown,  for  example,  in  Figs.  8,  9,  14,  21,  36  and  37). 
In  all  jigs  the  downward  passage  of  the  water  is  carrying  into 
the  hutch  fine  particles  of  ore  that  have  already  found  their 
way  into  the  ore-bed. 

Looking  at  the  jigs  by  classes,  we  see  that  the  excentric  jigs 
invariably  spend  more  time  upon  pulsion  than  the  accelerated 
jigs.  Is  it  not  fair  to  conclude  that  the  excentric  jigs  are  better 
adapted  for  treating  sands  which  require  the  most  pulsion? 
Such  sands  are  the  sized  products  from  the  trommel  and  the 
first  spigot  of  the  hydraulic  classifier. 

On  the  other  hand,  maj'  not  the  long-protracted  mild  suction 
of  the  accelerated  jig  be  the  best  adapted  to  the  treatment  of 
such  products  as  require  primarily  suction  for  their  separation 
— for  example,  the  second  spigot  and  following  spigots  of  the 
hydraulic  classifier  ?  * 

This  may  be  the  reason  that  tlie  Collom  jig  has  found  so 
great  favor  at  Lake  Superior  and  at  Anaconda,  where  all  the 
jigging  is  done  upon  true  hydraulic-separator  products,  except 
the  first  sieve  of  the  first  jig. 

"We  should,  however,  bear  in  mind  that  the  somewhat  harsh 

suction  of  the  excentric  jig  can  be  made  milder  by  increasing 

the  hydraulic  water.     This  will  diminish  the  hardening  of  the 

bed,  but  it  cannot  lengthen  the  time  of  suction,  so  as  to  secure 

the  condition  as  presented  in  this  particular  by  the  accelerated 

jigs. 

The  two  extreme  suggestions  arising  from  a  contemplation 

of  these  curves  are  : 

1.  That  on  closely-sized  products  an  accelerated  jig  should 
'be  used,  run  backwards,  to  lengthen  out  the  pulsion-period, 
which  is  the  only  period  that  does  any  work;   and 

2.  That  the  accelerated  jig  should  be  run  foncard  on  the 
spigot-products  of  the  hydraulic  separator,  to  increase  the 
period  of  suction. 

There  are  in  the  way  of  the  first  suggestion  two  difficulties, 

*  Certain  of  these  (for  example,  Figs.  30,  31  and  36,  do  not  show  this  effect,  for 
the  reason,  probably,  tliat  much  hydraulic  water  was  used). 
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either  of  wliidi  may  cancel  the  advantage :  First,  the  violent 
downward  motion  of  the  quick  return  will  tend  to  "  blind  up  " 
the  sieve  ;  and,  secondly,  the  same  action  will  tend  to  pulverize 
a  soft  mineral  like  galena. 

I  am  aware  that  in  southwest  Missouri  blende  is  jigged,  all 
sizes  together,  from  i-inch  downwards,  upon  a  6-sieve  Harz 
jig,  and  that  by  using  a  moderately  coarse  sieve  on  the  jig,  and 
not  allowing  the  bed  to  be  too  deep,  and  by  employing  a  very 
strong  suction,  a  concentration  is  eft'ected  which  is  considered 
commercially  a  success.  It  seems  to  me,  however,  probable 
that  if  the  price  of  zinc-blende  were  not  so  low,  the  principles  of 
close  sizing  would  be  adopted,  in  this,  as  in  other  cases,  result- 
ing in  closer  saving.  In  that  case  the  principles  discussed  in 
this  paper  would  be  found  essential  to  the  greatest  success. 

Nor  am  I  ignorant  of  the  wide  ditference  between  theoretical 
speculation  and  commercial  operation,  in  which  it  often  hap- 
pens that  some  small,  unnoticed  need  of  practice  undoes  a 
beautiful  theory,  rendering  it  unsuited  for  adoption.  The  sug- 
gestions oliered  in  this  paper  are  therefore  put  forward  simply 
as  ideas  which  appear  to  have  merit  and  to  be  worthy  of  fur- 
ther study  and  test. 


16 


THE    CYCLE    OF    THE    PLUNGER-JIG. 


Fig.  2. 


Butte  and  Boston  Mining  Co.  (Argentiferous  Sulphide  Copper-ore.)  Size 
of  grains,  2 J  to  1^  inches  ;  throw  of  phinger,  4|  inches  ;  throws  per  minute,  140  ; 
area  of  plunger,  24  by  48  inches  ;  area  of  sieve,  24  by  48  inches  ;  mesh  of  sieve, 
round  hole,  f  inch  diameter. 
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Fig.  .■?. 


Butte  and  Boston  Mining  Co.  (Argentiferous  Sulphide  Copper  ore. )  Size 
of  grains,  1^  inches  to  15  mm.  ;  throw  of  plunger,  4.17  inches  ;  throws  per  minute, 
140  ;  area  of  plunger,  24  liy  48  inches ;  area  of  sieve,  24  by  48  inches  ;  mesh  of 
sieve,  round  hole,  ^  inch  diameter. 
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Fig.  4. 
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Butte  and  Boston  Mining  Co.  (Argentiferous  Sulphide  Copper-ore.)  Size 
of  grains,  15  mm.  to  8j  ram.  ;  throw  of  plunger,  2.20  inches;  throws  per  minute, 
140 ;  area  of  plunger,  17  by  30  inches  ;  area  of  sieve,  17  by  30  inches ;  mesh  of 
sieve,  No.  4. 

Fig.  5. 


Butte  and  Boston  Mining  Co.  (Argentiferous  Siilpliide  Copper-ore.)  Size  of 
grains,  Sj  to  4.i  mm.;  throw  of  plunger,  2  inches;  throws  per  minute,  160  ;  area 
of  plunger,  15  by  31  inches ;  area  of  sieve,  15  by  31  inches  ;  mesh  of  sieve,  No.  4. 
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Fig.  6. 
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Butte  and  Boston  Mining  Co.  (Argentifei'ous  Sulphide  Copper-ore.)  Size  of 
grains  (first  spigot  of  separator).  4.}  mm.  to  0;  throw  of  phinger,  1.11  inches; 
throws  per  minute,  180  ;  area  of  phmger,  15  by  31  inches  ;  area  of  sieve,  15  by  31 
inches ;  mesli  of  sieve,  No.  5. 

Fig.  7. 


Butte  and  Boston  Mining  Co.  (Argentiferous  Sulphide  Copper-ore.)  Size  of 
grains  (second  spigot  of  separator),  4^  mm.  to  0  ;  throw  of  plunger,  l.lil  inches  ; 
throws  per  minute,  180  ;  area  of  plunger,  15  by  31  inches ;  area  of  sieve,  15  by  31 
inches  ;  mesh  of  sieve,  Xo.  6. 

Fig.  8. 
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Butte  and  Boston  Mining  Co.  (Argentiferous  Sidphide  Copper-ore.)  Size  of 
grains  (third  spigot  of  separator),  4.}  mm.  to  0  ;  tlirow  of  plunger,  0.48  inch; 
throws  per  minute.  200  ;  area  of  plunger,  15  by  31  inches ;  area  of  sieve,  15  by  31 
inches;  mesh  of  sieve,  No.  8. 
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Fig.  9. 
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BuSte  aiicl.  Boston  Mining  Co.  (Argentiferous  Sulphide  Copper-ore.)  Size  of 
grains  (fourth  spigot  of  separator),  \\  mm.  to  0;  throw  of  pkuiger,  0. 28  inch; 
throws  per  minute,  210;  area  of  plunger,  15  by  31  inches;  area  of  sieve,  15  by  31 
inches  ;.  mesh  of.  sieve,  Xo.  12. 


FTg.   10. 


Boston  and  Montana  Co.  (Argentiferous  Sulphide  Copper-ore.)  Harz  Ex- 
centric  Jig.  Size  of  grains,  \\  to  |  inch  ;  throw  of  plunger,  2.57  inches  ;  throws 
per  minute,  165;  area  of  plunger,  22^  by  42  inches;  area  of  sieve,  21i  by  42 
inches  ;  me.sh  of  sieve,  f  inch  square  hole. 
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Fici.  11. 


Boston  and  Montana  Co.  (Argentiferous  Sulphide  Copper-ore.)  Size  of 
grains,  i  to  §  inch  ;  throw  of  plunger,  1.77  inches;  throws  per  minute,  174  ;  area 
of  i)lunger,  24  bj  3G  inches :  area  of  sieve,  24  by  iJ(i  inches ;  mesh  of  sieve,  Ko.  o. 


Fig.  12. 


Boston  and  Montana  Co.  {Argentiferous  Sulphide  Copper-ore.)  Size  of 
grains,  o  to  2}  mm.  ;  throw  of  plunger,  1.1)5  inches  ;  throws  per  minute,  180  ;  area 
of  plunger,  21  to  41  inches  ;  area  of  sieve,  21  by  41  inches;  mesh  of  sieve,  No.  tt. 
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THE    CYCLE    OF    THE    PLUN(iER-JIG. 
Fig.  13. 


Boston  and  Montana  Co.  f Argentifemus  Sulphide  Copper-ore.)  Evans'  Ex- 
centric  Jig.  Size  of  grains  (first  spigot  of  separator),  2^  mm.  to  0;  throw  of 
plunger,  6.75  inch  ;  throws  per  minute.  193;  area  of  plunger,  11  by  39  inches  ; 
area  of  sieve,  22  by  39  inches ;  mesh  of  sieve,  Xo.  6. 


Fig.  14. 


Boston  and  Montana  Co.  (Argentiferous  Sulphide  Copper- ore.)  Evans'  .Jig. 
Size  of  grains  '.fourth  spigot  of  separator),  2h  mm.  to  0;  tlirow  of  plunger,  o.o'J 
inch;  throws  per  minute,  193;  area  of  plunger,  22  by  39  inclies ;  area  of  sieve, 
22  by  39  inches ;  mesh  of  sieve,  No.  10. 


Fig.  15. 


Bunker  Hill  and  Sullivan  Co.  (Argentiferous  Galena  )  Size  of  grains,  7  to 
5nira. ;  throw  of  plunger,  1.4")  inches;  throws  per  minute,  150;  area  of  plunger, 
17  by  32  inches  ;  area  of  sieve,  15  by  30  inches ;  mesh  of  sieve,  No.  8. 
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Fig.  16. 


Bunker  Hill  and  Sullivan  Co.  (Argentiferous  Galena. )  Size  of  grains  (first 
spigot  of  separator',  3  niui.  to  0  ;  throw  of  plunger,  0.68  inch  ;  throws  per  minute, 
162;  area  of  plunger,  19  by  34  inches;  area  of  sieve,  18  by  32  inches;  mesh  of 
sieve,  No.  10. 


Fig.  17. 


Colorado  Mining  and  Smelting  Co.  (Argentiferous  Sulphide  Copper-ore.) 
Size  of  grains,  7  to  4i  mm.  ;  throw  of  plunger,  1.05  inches  ;  throws  per  minute, 
160  ;  area  of  plunger,  16  by  3S  inches  ;  area  of  sieve,  23  by  35  inches  ;  mesh  of 
sieve,  Xo.  3. 

Fig.   18. 


Colorado  Mining  and  Smelting  Co.  (Argentiferous  Sulphide  Copper-ore.) 
Size  of  grains  (only  si)igot  of  separator),  3  mm.  to  0  ;  throw  of  plunger,  0.57  inch ; 
throw  per  minute,  210  ;  area  of  plunger,  16  by  38  inches ;  area  of  sieve,  23  by  35 
inches  ;  mesh  of  sieve,  No.  10. 
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Fig.  19. 


Old  Jordan  and  Galena  Works.  (Auriferous  Pyrites.)  Size  of  grain,  j%  to 
J  inch ;  throw  of  plunger,  0. 67  inch ;  throws  per  minute,  240  ;  area  of  plunger, 
17  by  30  inches ;  area  of  sieve,  17  by  30  inches ;  mesh  of  sieve,  No.  25. 


Fig.  20. 
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Old  Jordan  and  Galena  Works.  (Auriferous  Pyrites.)  Size  of  grains  (spigot 
of  separator),  I  inch  to  0  ;  throw  of  plunger,  0.20  inch  ;  throws  per  minute,  400  ; 
area  of  plunger,  17  by  30  inches  ;  area  of  sieve,  17  by  30  inches  ;  mesh  of  sieve,  No.  8. 


Fig.  21. 


Eevenue  Tunnel.  (Argentiferous  Galena.)  Plain  Excentric  Jig.  Size  of 
grains  (first  spigot  of  separator),  /j-  inch  to  0 ;  throw  of  plunger,  0.27  inch  ; 
throws  per  minute,  198  ;  area  of  plunger,  17f  by  24|  inches;  area  of  sieve,  16  by 
23  inches  ;  mesh  of  sieve,  No.  1 6. 
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Fig.  23. 


Smuggler  MilL  (Argentiferous  Galena.)  Crank-arm  Accelerated  Jig.  Size 
of  grains,  25  to  16  mm.  ;  *hrow  of  plunger,  2.10  inches  ;  throws  per  minute,  105  ; 
area  of  plunger,  18  by  30  inches  ;  area  of  sieve,  IS  by  34  inches  ;  mesh  of  sieve, 
8  mm.  square  hole. 


Fig.  24. 


Smuggler  Mill.  (Argentiferous  Galena.)  Crank-ann  Accelerated  Jig.  Size 
of  grains,  16  to  12  mm. ;  throw  of  plunger,  1.42  inches;  throws  per  minute,  121  ; 
area  of  plunger,  18  by  25  inches;  area  of  sieve,  18  l)y  29  inches  ;  mesh  of  sieve, 
8  mm.  square  hole. 


THE   CYCLE    OF   THE    PLUNGER-JIG. 


'27 


Fig.  25. 


Smuggler  Mill.  (Argentiferous  Galena.)  Crank  arm  Accelerated  Jig.  Size 
of  grains.  12  to  8  mm.  ;  throw  of  plunger,  1.36  inches;  throws  per  minute,  123  ; 
area  of  plunger,  IS  by  25  inches;  area  of  sieve,  Id  by  29  inches;  mesh  of  sieve, 
5  mm.  square  hole. 


Fig.  26, 


Smuggler  Mill.  (Argentiferous  Galena.)  Crank-arm  Accelerated  Jig.  Size 
of  grains,  8  to  5  mm.  ;  throw  of  plunger,  1.18  inches;  throws  per  minute,  132; 
area  of  plunger,  18  by  25  inches ;  area  of  sieve,  18  by  29  inches  ;  mesh  of  sieve, 
5  mm.  square  hole. 
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Fig.  27. 


Smuggler  Mill.  (Argentiferous  Galena.)  Crank-arm  Accelerated  Jig.  Size 
of  grains,  5  to  Sh  mm. ;  throw  of  plunger,  1.07  inches  ;  throws  per  minute,  138  ; 
area  of  plunger,  1 8  by  25  inches  ;  area  of  sieve,  18  by  29  inches ;  mesh  of  sieve, 
2  mm.  square  hole. 

Fig.  28. 


Smuggler  Mill.  (Argentiferous  Galena.)  Crank-arm  Accelerated  Jig.  Size 
of  grains,  3^  to  2  mm.  ;  throw  of  plunger,  0.81  inch  ;  throws  per  minute,  ]3.<  ; 
area  of  plunger,  18  by  25  inches  ;  area  of  sieve,  18  by  29  inches;  mesh  of  sieve, 
U  mm.  square  hole. 

Fig.  29. 


Smuggler  Mill.  (Argentiferous  Galena.)  Crank-arm  Accelerated  Jig.  Size 
of  grains,  3j  to  2  mm.  ;  throw  of  plunger,  0.7  inch  ;  throws  per  minute,  133 ;  area 
of  plunger,  18  by  25  inches  ;  area  of  sieve,  18  by  29  inches  ;  mesh  of  sieve,  2  mm. 
square  hole. 
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Fig.  30. 


Smuggler  Mill.  (Argentiferous  Galena.)  Crank-arm  Accelerated  Jig.  Size 
of  grains  (first  spigot  of  separator),  2  mm.  to  0  ;  throw  of  plunger,  0.51  inch  ; 
throws  per  minute,  135;  area  of  plunger,  18  l)y  25  inches:  area  of  sieve,  18  by  29 
inches ;  mesh  of  sieve,  5  mm.  square  hole. 


Fig.  31. 


:::4 

\W 

i 

--  +  - 

::-:±j 

^5^::4=::::::!.^j..::|g::::gf:|:::::: 

"T    ~r   ~r 

Hfi 

^fnfi^ 

:1    ::::::::::::::=:|!=4.:|;|-::::::::::: 

Smuggler  Mill.  (Argentiferous  Galena.)  Crank-arm  Accelerated  Jig.  Size 
of  grains  (second  spigot  of  separator),  2  mm.  to  0;  throw  of  plunger,  0.36  inch  ; 
throws  per  minute,  141  ;  area  of  plunger,  18  by  25  inches;  area  of  sieve,  18  by 
19  inches ;  mesh  of  sieve,  5  mm.  square  hole. 


Flo.  82. 


Smuggler  Mill.  (Argentiferons  Galena.)  Crank-arm  Accelerated  Jig.  Size 
of  grains  (third  spigot  of  separator),  2  nmi.  to  0;  throw  of  plunger,  0.4  inch; 
throws  per  minute,  163  ;  area  of  plunger,  18  by  25  inches  ;  area  of  sieve,  18  by  29 
inches ;  mesh  of  sieve,  2  mm.  square  hole. 
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Fig.  33. 
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Smuggler  Mill.  (Argentiferous  Galena.)  Crank-arm  Accelerated  Jig.  Size 
of  grains  (fourth  si^igot  of  separator),  2  mm.  to  0;  throw  of  plunger,  0.27 
inch  ;  throws  per  minute,  ISO  ;  area  of  plunger,  1 8  by  25  inches ;  area  of  sieve, 
18  by  29  inches ;  mesh  of  sieve,  2  mm.  square  hole. 

Fig.  34. 


Revenue  Tunnel.  (Argentiferous  Galena.)  Crank-arm  Accelerated  Jig.  Size 
of  grains,  \\  to  W  inch  ;  throw,  1.38  inches  ;  throws  per  minute,  130  ;  area  of 
plunger,  17|  by  24J  inches;  area  of  sieve,  16  by  23  inches  ;  mesh  of  sieve,  No.  8. 

Fig.  35. 


Calumet  Mill  of  Calumet  and  Hecla  Co.  (Native  Copper. )  Cam-driven  Spring- 
return  Jig.  Size  of  sand  (residue  in  Leavitt  Stamp-mortar),  3  inches  to  0 ;  throw 
of  plunger,  0.75  inch;  throws  per  minute,  128  ;  area  of  plunger,  12  by  36  inches; 
area  of  sieve,  22  by  32  inches;  mesh  of  sieve,  No.  6. 
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Fig.  36. 


Calumet  Mill  of  Calumet  and  Hecla  Co.  (Native  Copper.)  Colloin  Accelerated 
Hammer-driven  Spring-return  Jig.  Size  of  sand  (first  spigot  of  separator,  second 
sieve  of  jig\  /g  inch  to  0;  throw  of  plunger,  0  51  inch  ;  throws  per  minute,  134; 
area  of  plunger,  22  by  17  inches  ;  area  of  sieve,  22  by  32  inches  ;  mesh  of  sieve, 
No.  8. 


Fig.  37. 
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Calumet  Mill  of  Calumet  and  Hecla  Co.  (Native  Copper.)  Collom  Accelerated 
Hammer-driven  Spring- return  Jig.  Size  of  sand  (first  spigot  of  separator,  second 
sieve  of  finishing-jig),  y^j  inch  toO;  throw  of  plunger,  0.45  inch;  throws  per 
minute,  l."4  ;  area  of  plunger,  22  by  17  inches;  area  of  sieve,  22  by  32  inches; 
mesh  of  sieve,  No.  12. 


Fig.  38. 


Anaconda  Mill.  (Argentiferous  Sulphide  Copper-ore.)  Collom  Accelerated 
Hammer-driven  Spring-return  Jig.  Sand  (first  spigot  of  separator)  has  been 
through  a  screen  with  -^^  by  |-inch  slots  ;  throw  of  plunger,  1  inch  ;  throws  per 
minute,  130;  area  of  plunger,  22  by  17  inches;  area  of  sieve,  22  by  34  inches; 
mesh  of  sieve.  No.  8. 
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Figs.  39  and  40. 


Anaconda  Mill.  (Argentiferous  Sulphide  Copper-ore.)  Collom  Accelerated 
Hamraer-driyen  Spring-return  Jig.  Fig.  39  (the  upper  diagram)  represents  the 
sand  from  the  second  spigot  of  separator ;  Fig.  40  from  the  third  spigot ;  the 
throw  of  plunger  is  I -inch  in  Fig.  39,  and  |-inch  in  Fig.  40 ;  throws  per  minute, 
140  ;  area  of  plunger,  22  by  17  inches  ;  area  of  sieve,  22  by  34  inches  ;  mesh  of 
sieve,  No.  10. 


Fig.  41. 


Anaconda  Mill.  (Argentiferous  Sulphide  Copper-ore.)  Collom  Accelerated 
Hammer-driven  Spring-return  Jig.  Sand  from  fourth  spigot  of  separator  ;  throw 
of  plunger,  |-inch  ;  throws  per  minute,  150  ;  area  of  plunger,  22  by  17  inches  ; 
area  of  sieve,  22  by  34  inches;  mesh  of  sieve,  No.  12. 


rilE    ACCUMULATION    OF    AMALGAM    ON    COPPER    PLATES.         33 


The  Accumulation  of  Amalgam  on  Copper  Plates. 

BY  R.  T.  BAYLISS,  MARYSVILLE,  MONTANA. 
(Pittsburgh  Meeting,  February,  18%.) 

Although  every  mill-man  of  even  limited  experience  in  the 
amalgamation  of  gold-ores  is  probably  aware  that  copper  plates 
will  in  time  become  coated  by  the  accumulation  of  gold-amal- 
gam, it  may  be  that  many  do  not  know  to  what  extent  this  ac- 
cumulation occurs  in  the  treatment  of  ores  dissimilar  to  those 
with  which  they  are  familiar,  and  under  conditions  foreign 
to  those  with  which  they  have  to  contend  in  any  given  locality. 
The  writer,  therefore,  feels  relieved  from  the  necessity  of  oft'er- 
ing  an  apology  for  dealing  with  such  an  elementary  subject, 
believing  that  certain  facts  in  reference  thereto,  which  have  re- 
cently come  under  his  personal  observation,  will  be  interesting 
to  many,  and  possibly  instructive  to  some  persons  engaged  in 
the  amalgamation  of  gold-ores. 

The  facts  hereinafter  stated  were  observed  in  the  50-stamp 
"combination "-mill,  owned  by  the  Montana  Mining  Company, 
Limited,  of  England,  operating  the  Drum  Lummon  mine,  situ- 
ated at  Marysville,  Montana. 

The  material  treated  in  this  mill  consists  of  quartz  and  ores 
of  somewhat  variable  character,  containing  gold  and  silver  in 
native  form,  as  well  as  in  chemical  union  with  the  sulphides  of 
iron  and  copper.  There  is  also  present  a  little  lead,  some  ar- 
senic and  antimony,  and  a  little  zinc.  The  last  four  minerals, 
however,  are  of  irregular  occurrence,  and  but  sparingly  dis- 
tributed throughout  the  ore,  and  yield  only  a  trace  in  the  analy- 
sis of  the  average  material  in  this  mill.  The  free  gold,  which 
is  in  a  condition  of  fine  division,  and  rarely  visible  to  tliQinaked 
eye,  carries  silver  as  an  alloy;  and  the  native  silver,  which  is 
only  occasionally  observed,  is  present  in  the  richer  ores  in  wire- 
and  in  leaf-form. 

Of  the  two  precious  metals,  the  ore  worked  during  the  past 
three  years  and  ten  months,  the  period  under  review,  contained 
about  i-ounce  of  gold,  and  from  7  to  12  ounces  of  silver,  per 
ton  of  2000  pounds. 
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The  ore,  after  being  crushed  in  the  stamp-batterj,  and  passed 
through  a  30-mesh  steel-wire  screen,  runs  over  amalgamated 
copper  plates,  and  is  then  concentrated  on  Frue  vanners,  to  the 
distributor  of  which  is  aiBxed  a  small  copper  plate  for  saviiig 
any  amalgam  escaping  from  the  battery-plate ;  the  tailings  from 
the  vanners  being  subsequently  amalgamated  in  pans. 

Amalgamation  upon  copper  plates  placed  inside  the  mortar 
is  not  practiced  in  this  mill,  better  results  having  been  obtained 
by  amalgamation  on  outside  or  apron-j^lates  only.  It  is  not  the 
jjurpose  of  this  paper  to  enter  the  wide  field  of  discussion  as  to 
the  relative  merits  of  inside  and  outside  amalgamation ;  but  it 
may  be  observed  in  passing  that  an  extended  ex^Xiriment  upon 
the  two  niethods  proved  that  a  higher  percentage  of  sa\ang  was 
gained  by  amalgamation  outside  the  battery^thau  by  the  use  of 
inside  plates  in  additimi  to  the  aproivplates. 

The  apron-plates  in  use  in  this  nnll  are  54  inches  wide  and  8 
feet  long;  m-ade  of  |-inK3h  rolled  copper  plate,  electro-plated 
with  1  ounce  of  silver  to  the  square  foot.  They  are  set  with  a 
fall  of  2|r  inches  to-  the  foot ;  are  cleaned  up  once  in  twenty-four 
hours,  and  dressed  once  every  two^  three,  or  four  hours,  as  may 
be  deemed  necessary  by  reason  of  their  surface-condition,  which 
varies  according^to  the  m?ineral  contents  of  the  ore  submitted  to 
them.  In  dressing,,  a  weak  solution  of  cyanide  of  potassium  is 
used  when  necessary.  Tlie  copper  plates  upon  the  Frue  van- 
ners are  46  inches  wide,,  and  18  inches  deep,  made  of  ^-inch 
rolled  copper  plate,,  electro-plated  with  1  ounce  of  silver  to  the 
square  foot,  and  are  subjected  to  the  same  treatment  as  the 
apron-plates. 

At  the  daily  clean-up,  the  surface  of  the  apron-plates  is  first 
washed ;  then,  the  amalg-am  which  has  collected  during  the 
preceding  twenty-four  hours  is  sliglitly  softened  and  loosened 
by  sprinkling  a  small  quantity  of  mercury  over  the  plate  and 
rubbipg  tlie  surface  ^-ith  a  cloth  or  whisk-brush,  after  which 
the  amalgam  is  removed  ^\^th  a  stiff  rubber  scraper,  4  inches 
wide,  made  out  of  rubber  belting.  In  this  process  the  daily 
accumulation  of  amalgam  is  removed  as  completely  as  possible 
without  the  application  of  a  steel  scraper,  the  use  of  which  is 
not  permitted  except  for  the  removal  of  blisters  or  any  fixed 
impurity  which  may  occasionally  be  found  upon  the  plate. 

The  foregoing  brief  summary  of  the  method   employed  in 


THE    ACCUMULATION    OF    AMALGAiM    ON    COPPER    PLATES.  35 

this  mill  will  be  sufficient  to  explain  the  general  conditions  sur- 
rounding the  amalgamation  of  the  free  gold  contained  in  the 
ore,  and  the  treatment  to  which  the  copper  plates  are  exposed. 

To  return  to  the  special  subject  indicated  by  the  title  of  this 
paper:  One  of  the  copper  })lates  employed  in  this  mill  was  re- 
cently removed,  after  having  been  in  continual  service  for  three 
years  and  ten  months.  During  this  period,  the  battery  of  five 
stamps  which  it  served  crushed  14,942  tons  of  ore,  yielding 
from  amalgamation  on  this  plate  6426  ounces  of  bullion,  541.5 
fine  in  gold,  and  443.9  fine  in  silver,  giving  a  standard  assay- 
value  of  $11.70  per  ounce,  and  showing  the  recovery  of  $5.03 
per  ton  of  ore  crushed.  In  fixing  the  total  tonnage  of  ore 
passed  over  this  plate,  and  the  yield  in  bullion  therefrom,  the 
total  tonnage  and  production  of  the  mill  during  this  period 
has  been  divided  by  ten.  As  all  the  stamps  have  been  oper- 
ated continuously,  this  proportion  should  correctly  represent 
the  duty  performed  by  the  particular  plate  under  consideration. 

The  agreeable  task  of  removing  the  amalgUm  known  to  have 
accumulated  upon  this  plate  (which  was  new  when  put  in)  was 
then  undertaken,  and  the  accumulation  or  scale  was  removed 
by  striking  the  back  and  front  of  the  plate  with  a  light  ham- 
mer, a  small  block  of  wood  being  used  to  deaden  and  dis- 
tribute the  blow.  By  this  means  the  plate  is  slightly  buckled, 
causing  the  amalgam  to  scale  ofl',  and  leaving  upon  the  original 
electro-plated  surface  but  an  insignificant  film  or  layer,  which 
is  subsequently  removed  with  a  chisel  or  scraper. 

Other  methods,  such  as  sweating  with  hot  w^ater  and  im- 
mersing the  plates  in  chemical  solutions,  have  been  tried,  but 
have  proved  unsatisfactory ;  and  the  process  of  buckling  the 
plate,  although  a  somewhat  drastic  and  unscientific  method, 
has  been  found  to  eft'ect  the  recovery  of  the  highest  percentage 
of  the  accumulated  amalgam.  After  this  treatment,  the  plate 
is  usually  so  damaged  as  to  be  unfit  for  further  service ;  but, 
notwithstanding  that  every  visible  portion  of  amalgam  has  been 
removed,  the  copper  plate  is  still  found  to  carry  a  considerable 
quantity  of  gold  and  mercury ;  and  upon  being  cut  up  and 
melted  into  a  bar,  the  value  of  the  gold-  and  copper-contents 
amounts  to  more  than  twice  the  value  of  a  new  plate ;  hence 
the  substitution  of  new  plates  for  old  is  an  expenditure. which 
can  be  viewed  without  concern. 
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The  results  obtained  from  the  foregoing  treatment  of  the 
particular  copper  plate  here  specified,  were  both  interesting 
and  of  substantial  value ;  the  scale  or  accumulation  of  amalgam 
at  the  head  of  the  plate  being  no  less  than  0.16  inch  in  thick- 
ness, and  gradually  decreasing  to  a  bare  ^Ig-inch  at  the  lower 
end. 

The  total  weight  of  the  amalgam  so  recovered  was  160 
pounds  avoirdupois,  which,  upon  being  retorted,  yielded  60.5 
pounds,  or  38  per  cent,  of  crude  bullion,  and  produced  after 
melting  a  gold  bar  weighing  866.1  ounces  troy,  which,  upon 
assay,  proved  to  have  a  total  fineness  of  993.9,  being  431.4  fine 
in  gold,  and  562.5  fine  in  silver,  and  having  a  standard  value 
of  $9.63  per  ounce,  thus  making  the  total  value  of  bullion,  re- 
covered from  the  accumulated  amalgam  upon  this  one  plate,  no 
less  than  $8340.54. 

It  may  be  remarked,  that  the  results  recorded  in  this  in- 
stance are  not  by  any  means  exceptional.  Other  plates  in  this 
mill,  placed  in  service  at  the  same  time  as  the  one  forming  the 
subject  of  this  paper,  appear  to  be  coated  with  an  accumulation 
of  amalgam  of  equal  weight  and  value  ;  and,  moreover,  within 
the  writer's  experience  of  other  plates  removed  from  this  mill 
in  past  years,  is  an  instance  in  which  one  plate  yielded  accu- 
mulated amalgam  in  excess  of  $11,000. 

An  examination  of  the  facts  observed  in  the  course  of  clean- 
ing this  plate,  and  converting  the  amalgam  into  bullion,  reveals 
one  or  two  interesting  features  which  appear  to  be  worthy  of 
record. 

As  stated  above,  the  percentage  of  bullion  in  the  amalgam 
obtained  was  38  per  cent.;  whereas,  the  amalgam  from  the 
daily  clean-up  never  contains  more  than  20  per  cent,  of  bullion, 
and  frequently  not  more  than  10  per  cent.  This  is,  no  doubt, 
due  to  the  circumstance  that  the  amalgam  remaining  upon  the 
surface  of  the  plate  is  subjected  to  greater  compression  than 
that  which  is  cleaned  oft",  and  merely  strained  through  canvas 
sacks. 

The  accumulated  amalgam  obtained  from  the  plate  in  the 
shape  of  scale  does  not  appear  to  suft'er  any  visible  alteration 
in  form  or  size  during  the  process  of  retorting.  A  piece  |- 
inch  thick  and  1  inch  square,  will  pass  through  the  ordeal  of 
retorting  and  emerge  as  crude  bullion,  having  preserved,  with- 
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out  apparent  loss,  its  original  dimensions,  and  still  retaining  on 
its  surface  any  ripple-marks  or  imperfections  which  it  bore 
during  its  existence  as  amalgam. 

A  comparison  of  the  fineness  of  bullion  obtained  from  the 
accumulation  of  amalgam  u})on  this  plate  with  the  average  fine- 
ness of  bullion  produced  from  the  daily  clean-up  of  the  plate, 
during  its  service  of  three  years  and  ten  months,  of  which  one 
would  suppose  the  accumulated  amalgam  to  be  a  fair  sample, 
shows  that,  to  a  striking  degree,  this  is  not  the  case. 

The  average  fineness  of  bullion  obtained  from  daily  clean- 
ups during  the  period  mentioned  was  Au,  541.5 ;  Ag,  443.9 ; 
total,  985.4,  whereas  the  fineness  of  bullion  obtained  from  the 
accumulation  upon  this  plate  during  the  same  period  was  Au, 
431.4 ;  Ag,  562.5  ;  total,  993.9 ;  from  which  it  will  be  observed 
that  although  the  total  fineness  of  the  latter,  993.9,  is  greater 
than  the  fineness  of  the  former,  985.4,  the  gold-fineness  is  110.1 
less,  and  the  silver-fineness  118.6  more. 

That  the  total  fineness  of  bullion  from  the  accumulated 
amalgam  should  be  higher  than  that  obtained  from  the  daily 
clean-ups  is  not  a  matter  for  surprise,  since  the  amalgam  gath- 
ered from  the  plates  from  day  to  day  would  naturally  contain 
a  higher  percentage  of  impurity  and  base  metal  than  the  amal- 
gam which  adhered  to  the  surface  of  the  plate ;  but  it  does  not 
clearly  appear  why  the  gold-fineness  of  the  latter  should  be 
so  much  lower  than  that  of  the  former,  the  dift'erence  being 
represented  by  a  corresponding  increase  in  the  silver-fineness. 

In  explanation  of  this  inconsistent  feature,  it  has  been  sug- 
gested that  the  native  silver  contained  in  the  ore  has  a  greater 
tendency  to  accumulate  upon  the  plates  than  the  free  gold, 
owing  to  its  stronger  afiinity  with  the  amalgamated  surface. 
If  theory  furnishes  any  authority  for  such  a  statement,  it  is 
rudely  disproved  by  actual  experience  in  this  particular  in- 
stance ;  for  test-samples  of  the  accumulated  amalgam  from  the 
head  and  tail  of  this  plate  prove  the  former  to  be  .020  finer  in 
gold  than  the  latter,  with  a  corresponding  increase  in  the  silver- 
fineness  of  the  amalgam  from  the  lower  end  of  the  plate. 

Furthermore,  the  amalgam  saved  upon  the  copper  plates 
forming  the  distributor  of  the  Frue  vanners  invariably  shows, 
upon  assay,  a  lower  gold-  and  a  higher  silver-fineness  than  the 
bullion  recovered  from  the  treatment  of  the  same  ore  upon  the 
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battery-plate ;  a  sample  of  this  vanner-amalgam  yielding  bullion 
assaying  An,  380.5;  Ag,  602.0;  total,  982.5.  In  other  words, 
the  silver,  instead  of  showing  a  strong  affinity  with  the  amal- 
gamated siiface,  gives  evidence  of  a  persistent  tendency  to  escape 
amalgamation,  as  proved  by  the  foregoing  assays,  which  show 
that  the  gold-fineness  of  bullion  is  highest  nearest  to  the  bat- 
tery, and  gives  place  to  a  steadily-increasing  silver-fineness  as 
the  amalgam  is  deposited  upon  the  copper  plates  at  greater 
distance  from  the  battery-discharge. 

The  natural  conclusion  to  be  drawn  from  these  facts  and 
figures  would  justify  the  expectation  that  the  bullion  derived 
from  the  accumulation  of  amalgam  on  copper  plates  would  be 
of  equal  (if  not  of  higher)  gold-fineness  to  that  recovered  from 
the  daily  clean-ups  upon  the  plates  during  the  period  in  which 
the  accumulation  was  in  progress.  The  foregoing  facts,  how- 
ever, incontestably  prove  that  such  is  not  the  case  ;  and  the 
purpose  of  this  paper  will  be  served  if  the  facts  herein  pre- 
sented, which  have  been  prepared  with  due  regard  to  accuracy, 
are  the  means  of  suggesting  an  explanation  of  this  interesting 
inconsistency,  which  the  writer  most  frankly  confesses  himself 
unable  to  supply. 


Notes  on  the    Handling  of  Slags  and  Mattes  at  Smelting- 
Works  in  the  Western  United  States. 

BY  WILLIAM  BRADEN,  HELENA,  JIONTANA. 

(Pittsburgh  Meeting,  February,  1896.) 

It  is  obvious  that  the  choice  of  the  method  to  be  employed 
in  the  handling  of  blast-furnace  slags  and  mattes  depends  upon 
local  facilities  and  conditions  which  may  indicate  as  advisable 
some  particular  plan.  As  a  result  of  the  variety  of  such  con- 
ditions hardly  any  two  smelters  use  identically  the  same  method, 
though  they  be  located  only  a  few  hundred  feet  apart.  For  in-' 
stance,  of  the  several  plants  in  Leadville,  Colorado,  each  has  a 
more  or  less  distinctive  system.  The  same  is  true  of  Salt  Lake 
City  and  vicinity.  In  view  of  this  it  is  evident  that  the  existing 
diversity  of  practice  cannot  be  receipted,  prima  facia,  as  evidence 
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of  the  lack  of  wisdom  at  any  one  works,  and  the  following  ac- 
connt  of  the  methods  pursned  at  several  leading  establishments 
in  the  "West  is  oifored,  without  purpose  of  criticism,  as  likely 
to  furnish  for  all  parties  useful  material  for  consideration. 

The  Boston  and  Montana  Consolidated  Copper  and  Silver  Mining 
Company. — This  company  has  large  mines  in  Butte,  Montana, 
whence  the  ore  is  shipped  in  cars  to  Great  Falls,  170  miles  dis- 
tant, for  treatment.  Such  ore  as  is  suitably  high  in  copper  is 
smelted  in  blast-furnaces  to  a  copper-matte,  carrying  from  50 
to  55  per  cent,  of  copper,  which  goes  to  the  converters.  These 
are  as  large  as  the  average  steel-converter,  the  minimum  charge 
being  about  3  and  the  maximum  8  tons.  The  crude  ore,  too 
low  in  copper  to  smelt  direct,  is  concentr^ited,  roasted  in  Briick- 
ner  cylinders,  and  reduced  to  50-  to  55-per-cent.  m.atte  in  rever- 
beratory  tilting-hearths.  This  matte,  as  well  as  the  blast-furnace 
matte,  is  converted  to  "  pig-copper,"  which  is  either  refined 
electrolytically  on  the  spot  or  shipped  for  reiining  elsewhere. 

The  works,  located  on  the  north  bluft'  of  the  Missouri  river, 
some  two  miles  below  the  city  of  Great  Falls,  occupy  a  well- 
nigh  ideal  site  for  a  large  smeiting-establishment,  there  being 
.  great  water-power  and  a  steady  slope  of  about  1  foot  in  5,  more 
or  less,  from  the  edge  of  the  river  for  several  htundred  feet 
back.  Switches  of  the  Gre^t  Northern  Railway  run  through 
the  works  at  the  top  and  bottom  with  convenient  grade  for  un- 
loading of  ore,  coal,  etc,  and  for  the  handling  of  ejnpty  cars. 

Fuel  for  the  "  Wellman  "  and  the  •''  Taylor  "  gas-producers  is 
supplied  from  the  Sand  Coulee  coal-mines  in  the  Great  Falls  dis- 
trict. "Water,  to  be  used  under  head,  is  pumped  to  large  tanks 
on  top  of  the  bluff  above  the  smelter. 

The  ultimate  dis^posal  of  the  slag  at  these  works  is  effected  by 
granulation  and  sluicing  away;  but  the  method  may  be  better 
explained  by  considering  the  handling  of  the  slag  from  three 
more  or  less  distinct  sources,  namely,  the  blast-furnaces,  the  re- 
verberatory  tilting-hearths  and  the  converters. 

1.  The  molten  material  from  the  blast-furnaces  is  run  continu- 
ously into  a  movable  fore-hearth  or  settler,  which  is  simply  a 
rectangular  box  bound  with  cast-iron  plates  about  1  inch  in 
thickness  and  lined  ^^'ith  split  fire-brick. 

The  matte  (which  is  high  in  copper,  thus  assuring  a  clean 
slag)  is  tapped  periodically,  according  to  the  amount  being  made, 
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from  a  tap-hole  some  5  or  6  inches  from  the  l)ottom  of  the  fore- 
hearth,  into  an  ordinary  slag-pot.  When  this  is  full  it  is 
wheeled  away  a  few  feet  and  the  matte  is  poured  into  moulds. 
When  cool,  being  in  slabs  of  from  2  to  3  inches  in  thickness,  it  is 
easily  broken  to  suitable  size. 

The  slag  from  the  fore-hearth  overflows  continuously  (except 
while  the  matte  is  being  tapped)  into  a  jet  of  water  under  pres- 
sure, and  is  sluiced  into  the  river,  where  it  is  carried  by  the 
current. 

2.  At  the  tilting-funiaces,  after  a  thorough  fusion  has  taken 
place  and  the  furnace  is  prepared  for  a  separation  of  the  slag 
and  matte,  it  is  tilted  and  a  man  with  a  long  hoe  skims  the  slag 
from  the  furnace  into  a  trough,  from  which  the  slag  is  granu- 
lated and  sluiced  to  the  river  like  the  blast-furnace  slag  above 
mentioned. 

3.  During  the  operation  of  skimming  the  tilting-hearths  a 
converter  is  also  being  skimmed  into  a  large  ladle  of  10  tons  or 
more  capacity.  When  the  skimming  of  the  converter  and  the 
tilting-hearth  is  finished  both  are  swung  to  normal  position  and 
the  ladle  candying  the  converter-skimmings  is  picked  up  by  a 
20-ton  electric  crane  and  carried  to  the  tilting-hearth  just 
skimmed,  into  which  the  slag  is  poured.  By  the  cleansing 
on  the  "  copper-bottoms,"  so  to  speak,  of  the  tilting-hearth, 
lasting  a  few  moments,  I  am  told  that  the  converter-slag  is  re- 
duced from  2  to  2|  down  to  0.6  per  cent,  of  copper.  After  this 
cleansing  the  hearth  is  again  tilted,  and  the  slag  is  skimmed  and 
granulated  and  sluiced  oft',  as  already  described. 

At  other  copper-works  in  Montana  slag  is  handled  from  the 
blast-furnaces  in  much  the  same  way  where  sufiicient  supply 
and  head  of  water  are  available.  But  the  slag  from  blast- 
furnaces more  generally  runs  from  the  fore-hearth  into  an  ordi- 
nary slag-pot,  which  is  wheeled  to  the  edge  of  the  dump  and 
emptied  by  tilting. 

The  United  Smelling  and  Rejinbig  Company. — This  company 
has  near  Great  Falls,  on  the  Missouri  river,  about  2  miles  below 
the  Boston  &  Montana  Copper  Works,  above  spoken  of,  works 
at  which  purchased  ores  are  reduced  to  base-bullion.  The  sam- 
pling-works, roasters  and  ore-bins,  blast-furnaces,  engine-room 
and  boiler-room  are  practically  on  the  same  level,  which  is  that 
of  a  blufl"  above  the  river,  where  the  furnaces  arc  located,  giv- 
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ing  ample  dumping-ground  for  the  slag.  The  slag  flows  from 
the  furnace  into  a  settling-pot  on  the  same  principle  and  prac- 
tically of  the  same  dimensions  as  shown  in  Fig.  1  (wliich  repre- 
sents the  exact  form  used  at  the  Arkansas  Valley  Works,  Lead- 
ville,  Colo.).  From  this  settling-pot  the  slag  overflows  into  a 
Devereux-pot,  wliich  is  simply  an  ordinary  slag-pot,  with  a  hole 
about  1  inch  in  diameter  on  the  front  side.  In  this  case  the  hole 
is  very  low  down,  about  4  or  5  inches  from  the  bottom  of  the  pot. 
These  Devereux  pots,  when  filled,  are  pulled  some  150  or  200 
feet  to  the  edge  of  the  slag-dump  and  tapped  by  inserting  a  steel 
bar  through  the  top  crust  and  poking  the  same  through  the  hole, 
wliich  has  previously  been  plugged  with  clay.  Of  course,  when 
struck  by  the  bar  the  plug  of  clay  falls  out,  and  the  molten  slag 
flows  over  the  dump.  If  there  happens  to  be  any  matte,  it  is 
saved  in  the  portion  of  the  pot  beneath  the  hole.  This  is  al- 
lowed to  cool,  and  is  then  separated  on  the  dump  from  the  slag, 
by  men  with  "  culling-hammers."  Usually  there  is  between 
the  slag  and  matte  quite  a  perfect  cleavage-plane,  often  charac- 
terized by  crystallization.  When  a  "  settling-pot "  has  become 
filled  with  matte,  a  fresh  one  is  substituted.  The  matte  is  allowed 
to  cool  and  then  broken  up,  as  before  described,  and  is  ready 
for  further  manipulation.  The  advantage  of  the  Devereux  pot 
over  the  ordinary  slag-pot,  is  connected  with  the  possibility 
that  a  small  quantity  of  matte  may  overflow  with  the  slag  from 
the  settling-pot.  In  the  use  of  the  ordinary  slag-pot  everything 
except  the  crust  adhering  to  the  sides  of  the  pot  and  a  small 
amount  of  the  top-crust  would  be  thrown  away  over  the  dump ; 
whereas,  with  the  Devereux,  if  any  matte  is  present,  it  is  saved 
in  the  "  button  "  below  the  hole.  If,  upon  cooling,  this  "  but- 
ton "  is  seen  to  carry  no  matte,  it  is  either  thrown  away,  involv- 
ing little  additional  expense  (which  is  justified  by  the  safeguard 
thus  secured  against  loss),  or  it  is  re-smelted  with  the  "  crusts." 
The  Omaha  and  Grant  Smelting  Company. — At  the  works  of 
this  •  company,  in  Denver,  Colorado,  a  very  good  system  for 
handling  slag  and  matte  has  been  introduced.  Slag  is  received 
from  ten  blast-furnaces.  The  molten  material  is  tapped  from 
the  furnace  into  a  slag-pot,  which  is  wheeled  away,  and  the  slag 
is  emptied  as  quickly  as  possible  by  tilting  into  a  large  pot  con- 
structed on  the  Devereux  principle,  which  has  previously  been 
lowered  into  a  cylindrical  compartment  or  pit  in  the  dump,  so 
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that  the  top  of  the  pot,  when  in  position,  shall  be  on  a  level 
with  the  dump  at  this  point.  Those  pits  with  their  large  pots, 
of  which  there  are  several,  are  located  in  a  row  about  120  feet 
in  front  of  the  blast-furnaces.  When  one  of  these  large  pots 
is  full  of  slag  and  matte,  it  is  hoisted  and  carried  by  an  over- 
head crane  to  such  a  position  that  when  the  plug  of  clay  is 
punched  out  the  slag  will  run  into  side-dumping  slag-pots  on 
trucks,  after  which  the  large  pot  is  conveyed  to  another  posi- 
tion, so  that  the  matte  left  in  it  may  be  tapped  into  a  pot  of  the 
same  construction,  but  somewhat  larger  than  the  ordinary  slag- 
pot.  The  shell  in  this  large  pot,  after  the  slag  and  matte  have 
been  tapped,  is  conveyed  to  a  convenient  spot,  and  the  "  crusts  " 
are  dumped. 

When  the  side-dumping  slag-pots  have  been  filled,  they  are 
pulled  by  mules  to  the  edge  of  the  dump,  and  the  slag  is  thrown 
over.  The  matte  is  allowed  to  cool  in  the  pot  into  which  it 
was  tapped,  and  is  then  broken  with  culling-hammers.  Any 
slag  on  the  dump,  in  the  form  of  crusts  or  otherwise,  which  is 
to  be  re-smelted,  is  loaded  into  a  small  car  lowered  on  a  tram- 
way, so  that  its  top  is  below  the  level  of  the  dump,  and  hoisted 
in  this  to  a  tramway  several  feet  above  the  charge-floor,  upon 
which  the  car  is  wheeled  to  the  furnace  at  which  it  is  desired 
to  dump  the  slag.  The  idea  of  keeping  the  slag  and  matte  hot 
for  a  reasonable  length  of  time,  so  as  to  allow  the  particles  of 
matte  to  separate  from  the  slag,  seems  good,  and  is  eftected  by 
placing  the  pot  containing  a  comparatively  large  amount  ot 
molten  material  in  the  pit  mentioned  above,  thus  allowing  a 
minimum  amount  of  cold  air  to  come  into  contact  with  the 
sides  of  the  pot.  The  tapping  of  the  slag  and  the  matte  from 
this  pot  is  simply  an  application  of  the  Devereux  system. 

The  Arkansas  Valley  Smelting-  Works. — These  works,  situated 
at  Leadville,  Colorado,  are  a  branch  of  the  Consolidated  Kan- 
sas City  Smelting  and  Refining  Company,  of  Argentine,  Kansas. 
Here  slag  is  handled  from  seven  lead  blast-furnaces  and  three 
copper-matte  blast-furnaces.  The  establishment  is  compara- 
tively old,  having  been  smelting  ore  for  more  than  sixteen  years, 
and  the  slag-dump  extends  several  hundred  feet  from  the 
furnaces.  The  installation  of  arrangements  for  granulation 
would  be  expensive,  and  the  method  used  for  handling  slag 
seems  the  best  under  existino-  conditions.    In  front  of  the  furn- 
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ace  building,  about  20  feet,  and  for  its  full  length,  there  is  an 
open  cut  about  5  feet  deep  by  6  feet  wide,  into  which  is  backed 
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Scale  H  Inch  =  1  foot. 
Furnace-front  and  Fore-hearth,  Furnace  No.  1,  Arkansas  Valley  Works.     Side  view. 

Fifl.  3. 


Scale  1  Incb  "  1  foot. 
Fore-hearth,  Furnace  No.  1,  Arkansas  Valley  Works.     Front  view. 

a  train  of  trucks  carrying  two  Nesmith  side-dumping  slag-pots 
each.  (See  illustrations  in  Hofinan's  Metallurgy  of  Lead,  Figs. 
140  to  144,  page  204.) 
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Furnaces  Nos.  1,  2,  and  3,  are  matting-furnaces,  located  at 
one  end  of  the  row  of  ten  furnaces ;  and  as  No.  1  ditiers  in 
details  of  construction  from  Nos.  2  and  3,  I  will  speak  of  them 
separately. 

No.  1  is  a  matting-furnace,  the  bottom-plate  of  which  is  ele- 
vated on  jack-screws  34  inches  from  the  floor  of  the  furnace- 
room.  The  product  from  this  furnace,  as  from  the  other  two 
matting-furnaces,  is  a  copper-iron  matte,  running  from  12  to 
35  per  cent,  in  copper. 

Fig.  2  gives  a  side-view  of  the  front  of  the  furnace  and  the 
fore-hearth,  and  Fig.  3  the  front-view  of  the  fore-hearth.  The 
molten  material  from  the  furnace  is  tapped  periodically  into  this 
fore-hearth  ;  the  matte  settles  to  the  bottom  and  is  tapped  into  a 
"shell"  (see  Figs.  4,  5,  and  6),  and  the  slag  overflows  into  a  set- 
tling-pot (see  Fig.  1).  Any  matte  that  has  not  settled  from  the 
slag  in  the  fore-hearth  has  another  chance  to  settle  in  this  pot. 
The  matte  is  drawn  from  the  lower  tap-hole  of  this  settling-pot, 
into  a  "  shell,"  and  the  slag  overflows  into  an  ordinary  slag-pot. 
This  latter  is  wdieeled  to  the  edge  of  the  cut  in  the  dump 
mentioned  above,  and  by  tilting  the  pot,  dumped  into  one  of 
the  slag-pots  in  the  open  cut.  The  shell  of  slag  that  adheres 
to  the  sides  of  the  pot  after  emptying  the  bulk  of  it  into  the 
pots  in  the  cut,  is  removed  from  the  pot  and  hoisted  in  a  car 
to  the  furnace-floor  to  be  remelted,  in  much  the  same  manner 
as  slag  to  be  resmelted  is  treated  at  the  Omaha  and  Grant 
smelting-works  at  Denver,  Colo.,  as  described  already. 

The  matte  in  the  "  shells  "  is  dumped  near  the  railroad-tracks, 
conveniently  for  loading  for  shipment. 

The  fore-hearth  of  this  furnace,  owing  to  the  irregularity  of 
the  charges,  is  changed  about  twice  a  month  ;  the  large  settling- 
pots  are  changed  three  or  four  times  a  day. 

On  furnaces  No.  2  and  No.  3  a  ditferent  style  of  fore-hearth 
is  used.  Fig.  7  shows  the  "  side-elevation,"  and  Fig.  8  the  front 
plate  of  this  fore-hearth.  In  this  case  the  molten  material  runs 
into  the  fore-hearth  near  its  bottom,  and  the  matte  is  drawn 
from  the  lower  tap-hole  into  an  ordinary  slag-pot.  The  slag 
rises  and  overflows  into  a  slag-pot;  from  this  point  on  both 
slag  and  matte  are  treated  like  those  of  furnace  No.  1. 

So  far  as  obtaining  clean  slag  is  concerned,  this  latter  system 
of  fore-hearth  works  more  satisfactorily  than  the  style  used  on 


48       HANDLING  OF  SLAGS  AND  MATTES  IN  WESTERN  UNITED  STATES. 

furnace  No.  1,  and  does  away  with  the  use  of  the  settling-pot. 
The  design  was  recommended  by  Dr.  E.  D.  Peters,  Jr. 

At  the  lead-furnaces  the  molten  material  is  run  into  Devereux 
pots  which  are  wheeled  on  to  grates,  covering  in  front  of  the 
lead-furnaces  the  cut  into  which  are  run  the  slag-trucks.  The 
plug  of  clay  in  the  Devereux  pot  is  punched  out,  allowing  the 
slag  to  flow  through  an  opening  in  the  grates  (18  by  6  inches), 
into  one  of  the  pots  in  the  cut.  Then,  this  Devereux  pot,  con- 
taining lead-matte,  and  the  small  amount  of  slag  left  in  the  pot 
below  the  hole,  is  wheeled  right  on  over  the  grates  to  the  cull- 
ing-ground  beyond,  and,  when   cool   enough,  its  contents  are 


Vertical  Cross-section  of  Fig.  4. 

dumped.  The  matte  and  slag  are  then  separated,  the  matte 
being  loaded  into  Thatcher  dumping-cars,  conveyed  to  the 
crusher,  roasted  and  slagged,  and  finally  re-treated  in  the  mat- 
ting-furnaces. 

The  slag,  if  "  dirty,"  is  conveyed  to  the  furnace-floor,  and  re- 
treated ;  if  not,  it  is  thrown  over  the  dump. 

The  matte  made  in  the  lead-furnaces  at  a  large  custom 
smelter  of  this  kind,  necessarily  varies  in  amount;  so  the  hole 
in  the  Devereux  pots  used  is  made  high  up  on  the  front  side  of 
the  pot.  In  front  of  each  opening  in  the  grating  over  the  cut 
is  a  small  wrought-iron  step-like  arrangement,  by  the  use  ot 
which  under  the  "  rest "  attached  to  the  handle  of  the  pot,  the 
flow  of  slag  may  be  regulated,  according  to  the  amount  of 
matte  being  made.  If  a  very  small  amount,  the  "  rest "  of  the 
slag-pot  is  placed  on  the  highest  step. 
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When  all  the  pots  of  a  train  in  the  cut  are  filled  with  slag,  a 
small  locomotive  conveys  them  400  feet  or  more  to  the  edge  of 


the  dump,  where  the  slag  is  thrown  over.     The  locomotive  im- 
mediately places  another  train  of  empty  pots  in  the  cut. 

Since  the  above  was  written  concerning  the  system  of  slag- 
manipulation  at  the  Arkansas  Valley  works,  Mr.  R.  D.  Rhodes 
has  constructed  there  a  reverberatory-hearth,  into  which  the 
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slag  and  matte  are  run  from  the  blast-furnaces;  and  by  keep- 
ing up  a  slight  heat  in  the  fire-place  of  this  hearth,  a  separation 
of  slag  and  matte  is  said  to  be  economically  effected. 

The  American  Smelting  Works. — At  these  works,  in  Leadville, 
Colo.,  a  branch  plant  of  the  Aurora  Smelting  and  Refining  Com- 
pany, the  slag  from  seven  lead-furnaces  is  granulated,  as  is  like- 
wise most  of  the  matte  made.  The  molten  material  is  tapped  from 
the  furnace  into  a  settling-pot.  A  portion  of  the  matte  settles 
in  this  pot,  and  that  which  does  not,  overflows  with  the  slag 
into  a  second,  somewhat  smaller,  settling-pot.  From  this  the 
slag  overflows  into  a  jet  of  water,  under  20  pounds  pressure. 
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Front  Plate  of  Fore-hearth  in  Fig.  7. 

in  which  it  is  granulated  and  sluiced  away.  When  the  second 
settling-pot  is  full  of  matte,  it  is  replaced  w^th  an  empty  one, 
and  hoisted  to  a  suitable  point,  and  the  matte  is  granulated, 
the  granular  particles  falling  into  storage-bins,  from  the  bottom 
of  which  the  stock  is  drawn  out,  when  desired,  into  tram-cars 
and  conveyed  to  the  roasters. 

The  Consolidated  Kansas  City  Smelting  and  Refining  Co. — The 
main  works  of  this  company  are  at  Argentine,  Kansas.  Here 
slag  is  handled  in  somewhat  the  same  way  as  at  the  works  in 
Leadville,  with  the  exception  that  the  Argentine  slag,  instead 
of  being  thrown  away,  is  sold  to  the  railroads  as  ballast.  The 
molten  material  is  run  from  the  furnace  into  Devereux  pots, 
which  are  wheeled  to  a  cut  somewhat  similar  to  that  described 
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at  the  Arkansas  Valley  Works.  Into  this  cut  are  run  slag- 
trucks,  which,  however,  carry,  instead  of  conical  pots,  rectan- 
gular cast-iron  boxes.  A\nien  a  train  of  these  boxes  is  ready 
for  the  slag  to  be  tapped  into  them,  a  wrought-iron  pronged 
eye-bolt  1|  inches  in  diameter  is  placed  in  the  middle  of  each 
box,  the  eye  extending  about  4  inches  above  the  top  of  the  box. 
"When  all  the  boxes  on  the  trucks  have  been  filled  with  slag, 
a  small  motor  side-tracks  the  train  and  puts  another  train  of 
empty  boxes  in  the  cut.  After  the  slag  in  the  boxes  has  cooled 
sufficiently,  a  small  travelling  crane  picks  up  one  cake  of  slag 
after  another  by  means  of  a  hook  inserted  into  the  eye  of  the 
pronged  eye-bolt,  and  deposits  the  same  in  front  of  a  crusher. 
The  cakes  are  broken  up  with  hammers,  the  eye-bolt«  are  \vith- 
drawn,  and  the  slag  goes  through  the  crusher,  and  is  loaded  on 
railroad  cars,  ready  for  use  as  ballast. 

The  Omaha  and  Grant  Smelting  Comixiny. — At  the  works  of 
this  company  in  Omaha,  another  adaptation  of  the  Devereux 
system  is  in  use.  The  molten  material  is  tapped  into  the 
Devereux  pots  from  the  blast-furnaces  and  allowed  to  stand 
long  enough  for  as  complete  a  separation  of  slag  and  matte  as 
possible.  About  75  feet  in  front  of  the  furnace-building,  and 
centrally  located,  is  a  contrivance  which  handles,  very  ingeni- 
ously, the  slag  as  tapped  from  the  Devereux  pots.  It  consists 
of  a  circular  pit,  about  35  feet  in  diameter,  and  filled  with 
water,  upon  the  outer  zone  of  the  surface  of  which  an  annu- 
lar disk  of  cast-iron  plates,  about  2  feet  wide  and  If  inches 
thick,  and  slightly  trough-shaped  on  the  top,  is  made  to  re- 
volve. This  disk  is  supported  partly  by  radial  arms  from  a 
pillar  in  the  center  of  the  pit,  and  partly  by  rollers  attached  to 
the  plates  underneath,  and  travelling  on  stationary  plates  which 
are  in  turn  supported  by  pillars  around  the  circumference  of 
the  pit.  Revolution  is  effected  by  means  of  a  rack  on  the  peri- 
phery of  the  disk.  A  constant  stream  of  cold  water  is  run 
into  the  pit,  and  an  outlet  is  provided  for  the  heated  water,  the 
supply  being  so  regulated  that  the  water  shall  not  overflow  the 
trough-shaped  surface  of  the  disk,  but  the  lower  side  of  the 
plates,  Avith  the  rest  of  the  mechanism,  shall  be  constantly  im- 
mersed in  cold  water.  The  apparatus  makes  one  revolution  in 
five  minutes. 

A  Devereux  slag-pot  having  been  wheeled  to  the  edge  of  the 
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pit,  the  slag  is  tapped,  first  striking;  a  cast-iron  plate  fixed  at  an 
angle  of  about  60  degrees  from  the  horizontal,  to  prevent  the 
undue  scattering  of  the  slag,  which  passes  through  upon  the 
the  revolving  trough-shaped  disk.  On  this  it  spreads  out,  cov- 
ering the  plates  to  the  depth  of  J  to  1  inch,  according  to  the 
amount  of  slag  being  made.  From  the  molten  state  in  which 
it  was  tapped  from  the  pot,  the  slag  cools  gradually  on  those 
water-cooled  plates,  until  at  the  end  of  a  revolution  it  is  quite 
brittle.  A  piece  of  i-inch  steel  is  set  diagonally  across  the  re- 
volving plates  in  such  a  manner  as  to  break  up  the  slag,  and 
force  it  on  to  a  conveyor,  which  takes  it  up  into  bins,  from 
which  it  is  loaded  on  railroad  cars.  It  is  of  such  size  and 
structure  as  to  be  of  superior  quality  for  the  purpose  of  ballast, 
being  square  or  rectangular  in  shape,  from  J  to  1  inch  in  thick- 
ness, and  from  J  inch  to  4  inches  in  surface  area.  This  ar- 
rangement was  designed  by  Mr.  Page,  the  superintendent  at 
these  works. 

The  Hanauer  Smelting  Works. — At  these  works,  near  Salt  Lake 
City,  Utah,  silver-lead  ores  are  concentrated  in  blast-furnaces. 
A  sluice  carrying  water  under  pressure  is  run  under  the  floor 
in  front  of  the  furnaces.  The  slag  and  matte  are  tapped  peri- 
odically from  the  furnace  into  settling-pots ;  the  slag  overflow- 
ing into  the  sluice  is  granulated  by  the  stream  of  water,  and 
carried  to  a  pit  or  "  boot,"  whence  it  is  hoisted  by  a  belt-ele- 
vator into  bins,  from  which  it  is  loaded  on  railroad-cars  to  be 
used  for  ballast.  The  matte  and  the  small  amount  of  adhering 
slag  in  the  settling-pots  are  culled  and  handled  in  the  usual 
manner. 

Slag-  Tiles. — As  a  matter  of  particular  interest,  I  will  briefly 
describe,  in  conclusion,  a  successful  manufacture  of  slag-tile 
from  blast-furnace  slag,  invented  by  Mr.  Marco  Chiapponi, 
E.M.,  which  I  saw  in  operation  at  the  smelting-works  of  Seiior 
Concha  y  Toro,  about  15  kilometers  from  Santiago  de  Chili. 

The  slag  and  matte  are  tapped  from  the  blast-furnace  into  a 
slag-pot,  and,  after  settling  a  few  moments,  the  slag  is  poured 
from  ladles  into  moulds  (6  by  1  inch  each) ;  these  are  placed 
on  a  hearth  which  has  a  movable  cover ;  the  moulds  being 
filled  with  slag,  a  cover  is  placed  on  them,  as  well  as  on  the 
hearth.  A  very  light  heat  is  kept  up,  so  that  the  slag  is  very 
slowly  cooled ;  and  when  it  appears  black,  the  moulds  are  lifted 
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from  the  hearth  and  the  shig-tiles  are  dumped  into  cohl  water. 
The  slag-tiles  thus  made  arc  light  and  portable,  and,  when  laid, 
tough  and  durable.  A  slag  carrying  a  considerable  excess  of 
iron  has  been  preferred.  These  tiles  are  sold  for  from  $30  to 
$60  (pesos  Chilenos)  per  1000. 

It  is  generally  known  that  it  is  impossible  under  ordinary  cir- 
cumstances to  make  tiles  of  such  dimensions  as  are  mentioned 
above,  without  some  extraneous  means  for  toughening. 

Though,  at  other  establishments  than  those  spoken  of,  I  have 
observed  somewhat  altered  details  in  the  systems  of  slag-  and 
matte-manipulations,  I  believe  this  paper  covers  essentially  my 
purpose,  which  was  to  describe  the  main  features  of  our  West- 
ern practice. 

The  Volatilization  of  Silver  in  Chloridizing-Roasting. 

BY  L.  D.  GODSHALL,  EVEREIT,  WASHINGTON. 
(Pittsburgh  Meeting,  February,  1896.) 

The  latest  revised  edition  of  Mr.  C.  A.  Stetefeldt's  book  on 
the  Lixiviation  of  Silver-Ores,  which  appeared  very  recently, 
contains  no  mention  of  the  volatilization  of  silver  in  chloridiz- 
ing-roasting— an  omission  which  is  the  more  remarkable  in 
view  of  the  fact  that  in  former  editions  of  the  work  this  im- 
portant subject  was   noticed.      Moreover,  Mr.   Stetefeldt  has 
discussed  it  to  some   extent  in  his  paper  on  "  The  Stetefeldt 
Furnace,"  *  in  which  he  criticised  certain  statements  made  by 
me  before  the  Colorado  Scientific  Society  in  May,  1893,  in  a 
paper  entitled  "  A  Review  of  the  Russell  Process ;  "  f  and  Mr. 
Morse,  in  his  paper  on  "  The  Lixiviation  of  Silver-Ores  by  the 
Russell  Process    at  Aspen,   Colorado,"!   has  given    statistics 
showing  the  loss  of  silver  by  volatiUzation  (including  the  dust- 
loss,  which  Mr.  Morse  estimates  at  not  more  than  1  per  cent.) 
on  more  than  30,000  tons  of  ore  roasted,  to  have  been  9.16 
per  cent.     The  matter  must  certainly  be  deemed  important 
enough  to  warrant  me  in  returning  to  it,  and  offering,  with  the 
aid  of  the  figures  made  public  since  my  first  paper,  a  reply  to 
the  criticisms  of  Mr.  Stetefeldt. 

The  passages  of  my  paper  which  he  deemed  to  be  "  ques- 

*  Trans.,  xxiv.,  3.  t  Proc.  CoL  Sci.  Soc. 

X  Florida  Meeting,  March,  1893,  Trans.,  xxv.,  137. 
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tiouable  conclusions  from  a  limited  experience  with  the  Stetefeldt 
furnace  at  the  Holden  mill,  Aspen,  Colorado,"  were  quoted  by 
him,*  and  are  here  repeated  for  the  convenience  of  the  reader: 

"  The  use  of  this  furnace  has  certain  limits  beyond  which  it  is  unwise  to  go. 
Siliceous  ores  carrying  (>  per  cent,  or  more  sulphur  can  be  chloridized  better  in 
some  other  furnace.  Ores  carrying  a  large  percentage  of  lime — say  from  15  to  20 
per  cent,  of  CaO — are  also  very  difficult  to  chloridize  properly  in  the  Stetefeldt 
furnace,  unless  sufficient  sulphur  is  present  to  combine  with  the  CaO  and  form 
CaSO^ ;  even  then  the  chloridization  in  the  furnace  is  frequently  very  low,  and 
rarely  exceeds  60  per  cent. 

"The  writer  has  seen  the  furnace  deliver  roasted  ore  from  certain  mixtures 
high  in  lime  and  sulphur  where  not  more  than  15  to  20  per  cent,  of  the  silver 
had  been  chloridized  in  the  shaft  of  the  furnace,  where  about  65  per  cent,  of  the 
ore  is  roasted.  However,  after  the  above  ore  had  been  lying  on  the  cooling-floor 
for  three  days,  fully  90  per  cent,  of  ihe  silver  was  found  to  be  chloridized.  The 
extremely  low  percentage  of  the  silver  converted  into  chloride  in  the  furnace  was 
due  partly  to  its  having  been  crowded  beyond  its  capacity,  but  chiefly  to  the  large 
percentage  of  sulphur  present  causing  such  a  strong  reducing  atmosphere  of  sul- 
phur dioxide  that  the  effect  of  the  chlorine  liberated  by  the  acid  gases  was  neu- 
tralized. Frequently  the  odor  of  sulphurous  acid  escaping  from  the  roasted  ore 
as  it  was  discharged  from  the  shaft  of  the  furnace  was  sufficiently  strong  to  over- 
come all  smell  of  chloride  fumes.  The  sulphur  in  the  raw  charge  of  the  ore  just 
considered  ranged  from  8  to  10  per  cent.,  being  about  half  that  of  the  lime  and 

magnesia  present." 

******  *  *  * 

"Can  such  ores  be  roasted  better  with  any  other  furnace  ?  Metallurgically,  the 
answer  is,  Yes.  The  proof  of  the  above  assertion  with  regard  to  Aspen  ores  has 
been  demonstrated  by  the  writer  by  roasting  in  a  reverberatory  furnace  10  lots  of 
ore  containing  25  per  cent,  of  CaO  (MgO  not  determined,  but  probably  amount- 
ing to  10  or  12  per  cent.)  with  less  than  2  per  cent,  of  sulphur,  and  using,  practi- 
cally, the  same  amount  of  salt  as  in  the  Stetefeldt  furnace.     The  chloridization 

was  all  that  could  be  desired." 

********* 

"For  ores  containing  from  3  to  8  per  cent,  of  sulphur,  the  Briickner,  Pearce 
or  Howell-White  are  to  be  recommended." 

To  these  statements  Mr.  Stetefeldt  makes  two  general  objec- 
tions :  first,  that  they  were  based  on  too  limited  an  experi- 
ence ;  second,  that  they  were  not  accompanied  with  adequate 
data  in  the  way  of  proof.  As  to  the  first,  I  venture  to  submit 
that  while  my  experience  was  confessedly  limited  to  the  ores 
of  a  certain  district,  it  comprised  nearly  a  year  of  continuous 
observation,  practice  and  experiment,  and  was,  therefore,  quite 
long  enough  to  warrant  the  formation  of  an  opinion  concern- 
ing the  materials  to  which  it  referred,  and,  by  analogy,  other 
similar  materials.     As  to  the  second  objection,  I  have  only  to 

*  Trans.,  xxiv.,  10. 
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say  that,  at  the  time  I  wrote  the  Aspen  works  were  still  in  ope- 
ration, and  the  company  was  nnwilling  to  have  exact  details 
made  public.  This  deficiency  has  been  completely  made  up 
through  the  later  publication  of  complete  statistics  by  Mr. 
Morse  in  his  paper,  above  cited. 

Mr.  Stetefeldt  points  out  what  seems  to  him  an  inconsistency 
between  my  statement  that  "  siliceous  ores  carrying  6  per  cent. 
or  more  sulphur  can  be  chloridized  better  in  some  other  fur- 
nace "  than  the  Stetefeldt,  and  my  subsequent  statement  that 
"  for  ores  containing  3  to  8  per  cent,  of  sulphur,  the  Briickner, 
Pearce,  or  Howell-White  are  to  be  recommended."  But  he  will 
perceive,  on  reflection,  that  the  two  propositions  are  not  incon- 
sistent. The  hypothesis,  for  instance,  that  ores  carrying  from 
3  to  6  per  cent,  of  sulphur  could  be  chloridized  as  thoroughly 
by  the  Stetefeldt  as  by  either  of  the  three  rival  furnaces  named, 
but  that,  for  such  ores,  one  of  the  three  was  to  be  recommended 
on  other  grounds,  such  as  smaller  cost  of  construction,  or 
smaller  loss  in  roasting,  would  remove  the  fancied  contradiction. 

Leaving  these  preliminary  and  subordinate  criticisms,  let  us 
consider  the  first  important  point  urged  in  opposition  to  my 
conclusions,  namely,  that  the  Aspen  ore  is  exceptional  and  pe- 
culiar, and  must  be  acknowledged  to  be  "  a  difficult  ore  to 
chloridize  in  the  Stetefeldt  as  well  as  in  any  other  furnace." 
This  difficulty  in  a  Stetefeldt  furnace  is  admitted  by  all  who 
have  made  the  attempt  to  overcome  it;  but  the  proposition 
cannot  be  admitted  as  regards  "  any  other  furnace." 

On  page  108  of  Mr.  Stetefeldt's  book  is  given  a  description 
of  the  manner  in  which  an  ore  should  be  tested  to  determine 
its  fitness  for  lixiviation.  It  is  there  observed,  that  roasting- 
tests  are  best  carried  out  in  the  muffle  of  an  assayer's  cupel- 
ling-furnace,  in  clay  dishes  about  4|^  to  5  inches  in  diameter, 
holding  a  charge  of  3|  A.  T.     On  the  following  page  we  read : 

"It  is  not  always  possible  to  produce  by  muffle-roasting,  on  a  small  scale,  the 
same  effect  that  can  be  obtained  by  actual  mill-work;  especially  if  an  ore  is  treated 
requiring  banking  up  on  the  cooling-floor  for  many  hours,  in  order  to  reach  a 
high  chlorination  of  the  silver.  Hence,  an  unfavorable  result  is  not  always  a 
proof  that  the  ore  is  unsuitable  for  lixiviation." 

The  natural  conclusion  is,  that  if  an  ore  is  easily  chloridized 
in  small  quantity,  in  an  assay-furnace,  it  would  be  as  well,  or 
better,  chloridized  on  a  commercial  scale  in  a  large  furnace. 
As  to  the  correctness  of  this  proposition,   I  will  say  nothing 
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here ;  but,  accepting  it  for  the  present  as  true,  I  give  the  results 
of  its  application  to  the  Aspen  ores. 

The  experiments,  the  results  of  which  are  recorded  below, 
were  made  as  follows :  The  raw  ore  was  crushed  so  as  to  pass 
through  an  80-mesh  sieve,  150  grammes  taken  and  thoroughly 
mixed  with  16  per  cent,  salt  and  4  per  cent,  of  iron  pyrites  con- 
taining about  40  per  cent,  of  sulphur,  roasted  from  15  to  30 
minutes,  commencing  with  a  very  low  and  ending  with  a  light- 
red  heat.  After  cooling,  the  roasted  mixture  was  carefully 
removed  from  the  dish  and  weighed,  and  again  assayed  to  de- 
termine the  loss  by  volatilization,  the  percentage  of  soluble  salts 
also  being  determined.  Leaching-tests  were  now  made  to  de- 
termine the  percentage  of  silver-chloride  formed  in  the  roast- 
ing, and  the  proper  method  of  applying  the  Russell-solution  to 
pbtain  the  highest  possible  extraction  of  the  silver. 


Table  I. — Laboratory  Experiments  in  Chloridizing  Aspen  Ores. 


Name  of  Ore. 


Justice 

Sylvanite 

Camp  Bird 

Pride  of  Aspen. 

Compromise 

Percy 

Franklin 

Smuggler 

Aspen 


Mixtures  of  Different  Sam- 
ples of  Aspen  Ores. 

No.  1-2  Samples 

"     2-2         "      

"     3-3         "      

"     4-9         "      

"    5-19       "  * 

"     2 


13.2 
36.0 
20.9 
44.5 
12.5 
25.5 
41.8 
64.2 
19.9 


46.0 
32.2 
38.0 
23.2 
25.5 
32.2 

23.2 
23.2 

23.2 


Analysis. 


SiOo 


14.9 
53.8 
43.6 
27.4 
44.2 
18.1 
28.6 
2.8 
15.5 


33.1 
6.8 
25.2 
18.3 
21.8 


Fe. 


20.8 
11.1 
7.3 
3.1 
4.3 
8.2 
4.3 
2.2 
2.6 


4.0 
2.2 
3.4 

8.5 
8.5 


CaO.    MgO.   BaSOi     Zn 


6.0 
5.4 
12.0 
27.6 
17.1 
18.9 
21.8 
6.5 
25.5 


4.6 
16.6 
12.5 
20.2 
19.2 


Roasted  with  4 


8.0 


0.7 
2.' 8 
'3.4 


33.1 

12.4 

22.4 

0.5 


21.8 
9.0 

78.0 


46.4 
41.5 
33.2 
18.7 
13.4 


3.5 

o.'s 

1.4 
0.8 
2.0 
2.1 
2.4 


2.0 
3.3 
2.2 
2.0 
3.1 


li  4  per  cent,  pyrite. 
12       "  salt. 


4 

10 

4 


pyrite. 
salt, 
pyrite. 
salt. 


N 

is 

o 


CO 


Per  ct. 
96.2 
92.0 
98.6 
95.6 
9.5.9 
98.0 
96.7 
90.9 
96.5 


98.3 
95.1 
98.5 
97.9 
97.7 
91.4 

97.0 
91.9 

94.9 


.2  " 
s  o 

w 


Perct. 
98.9 
96.5 
99.0 
98.5 
97.0 
99.6 
98.6 
97.9 
98.2 


95.7 
96.3 
98.5 
99.2 
98.5 
97.3 


96.6 


*  Attention  is  called  to  these  results,  which  were  obtained  without  the  addition 
of  any  pyrite^in  the  chloridizing-roasting. 
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A  great  many  experiments  with  results  similar  to  the  above 
might  be  recorded  here.  In  fact,  the  results  were  all  so  uni- 
formly good,  that  they  soon  became  monotonous,  and  the  ex- 
periments were  discontinued. 

In  view  of  the  above  results,  I  claim  that  Mr.  Stetefeldt  is 
not  warranted  in  making  the  statement  that  the  Aspen  ores 
are  difficult  to  chloridize  in  any  furnace.  Mr.  Stetefeldt  says 
that  the  fact  that  the  sulphur  in  the  Aspen  ore  (as  mixed  for 
roasting)  exceeds  the  limit  given  by  me  from  2  to  7  per  cent., 
would  force  one  to  the  conclusion  that  the  Stetefeldt  furnace  at 
the  Holden  mill  was  a  complete  failure,  and  that  Mr.  Morse's  sta- 
tistics contradict  this.  Instead  of  contradicting,  Mr.  Morse  has 
since  confirmed  this  fact  very  conclusively. 

Mr.  Stetefeldt  says : 

"It is  well  known  that  high  chlorinations  of  silver-ores  containing  a  large  per- 
centage of  pyritic  minerals  can  only  be  obtained  after  roasting  in  a  Stetefeldt  fur- 
nace by  leaving  the  discharged  ore  for  twenty -four  hours,  or  longer,  in  heaps  on 
the  cooling-fioor.     But  why  should  this  be  made  an  objection?" 

In  my  review  of  the  Russell  process,  reasons  were  given  for 
considering  heap-roasting  on  the  cooling-floor  extremely  objec- 
tionable. Mr.  Morse,  in  his  paper  on  "  The  Effect  of  Washing 
with  Water  upon  the  Silver  Chloride  in  Roasted  Ore,"*  while 
differing  with  me  as  to  the  reactions  involved,  is  equally  em- 
phatic in  condemning  this  heap-roasting  for  ores  sustaining  as 
much  zinc  (from  1  to  3  per  cent.)  as  those  treated  at  Aspen. 
And  Mr.  Stetefeldt  himself,  on  page  65  of  the  last  edition  of 
his  book,  accepting  Mr.  Morse's  theory  as  to  the  cause  of  the 
trouble,  indirectly  condemns  heap-roasting  and  the  Stetefeldt 
furnace  for  all  ores  containing  from  1  to  3  per  cent,  of  zinc, 
and  a  sufficient  amount  of  pyritic  minerals  to  make  such  sup- 
plementary heap-roasting  necessary. 

He  controverts  my  statement  that  the  supply  of  free  oxygen 
is  extremely  limited  in  the  heap  on  the  cooling-floor.  The  re- 
actions given  by  him  as  occurring  in  this  heap-roasting  are  un- 
doubtedly correct,  but  he  does  not  show  that  these  are  the  only 
ones  which  occur ;  and  in  any  event,  the  fact  that  three  or  four 
days  are  required  to  oxidize  by  means  of  these  reactions  the 
comparatively  small  amount  of  sulphur  still  in  the  ore,  seems 
to  me  conclusive  evidence  that  the  admission  of  air  to  the  in- 

*  Atlanta  Meeting,  October,  1895,  Trans.,  xxv.,  587. 


58      THE  VOLATILIZATION    OF   SILVER    IN    CHLORIDIZING-ROASTING. 

terior  is  very  slow  and  limited.  This  impression  is  confirmed 
by  the  fact  that  the  crust  of  the  heap  chloridizes  in  as  many 
hours  as  days  are  required  to  chloridize  the  interior  to  an  equal 
degree. 

My  theory  as  to  the  loss  of  silver  by  volatilization  in  chlorid- 
izing-roasting  is  declared  to  present  nothing  new.  But  the  ques- 
tion of  originality  is  not  so  important  as  the  question  of  fact. 

In  the  first  edition  of  his  book,  Mr.  Stetefeldt  said : 

"  It  is  a  well-established  fact  that  the  loss  of  silver  by  volatilization  in  roasting 
in  a  Stetefeldt  furnace  is  a  minimum  and  almost  imperceptible,  this  loss  being 
principally  a  function  of  time." 

It  was  this  statement  which  I  controverted  in  the  paper  which 
he  criticizes.     What  he  now  says  is : 

"The  evaporation  or  volatilization  of  all  substances  is  governed  by  the  same 
general  laws.  The  effective  elements  are  :  time,  temperature,  surface  exposed, 
character  of  the  atmosphere  in  wliich  evaporation  or  volatilization  takes  place, 
density  or  pressure  of  the  latter,  and  its  motion  or  exchange  in  relation  to  the 
substance  evaporated  or  volatilized.  Thus,  for  instance,  more  silver  is  volatilized 
in  roasting  a  small  ore  sample  in  a  mufSe  than  in  actual  reverberatory-furnace 
work,  because,  more  surface  is  exposed,  and  the  particles  have  more  contact  with  air  in  the 
forTner  case.'^     (The  italics  are  mine. ) 

In  the  paper  criticized,  I  said  on  this  point : 

"Mr.  Stetefeldt  claims  that  the  volatilization  of  silver  is  principally  a  function 
of  time.  If  the  above  statement  is  true,  it  is  one  of  the  strongest  arguments  in 
favor  of  the  Stetefeldt  furnace.  Experiments  made  to  determine  this  point 
proved  that  time  was  an  important  function  under  certain  conditions,  but  not  at 
all  under  all  conditions.  There  is  another  factor  which,  so  far  as  I  know,  has 
never  been  mentioned  in  connection  with  the  loss  of  silver  in  chloridizing-roasting, 
which  factor  is  air,  or  oxygen.  That  oxygen  is  one  of  the  principal  if  not  the 
principal  cause  of  the  volatilization  of  silver  in  chloridizing-roasting,  is  believed 
by  tlie  writer  for  the  following  reasons  : 

"It  is  possible  to  volatilize  from  40  to  60  per  cent,  of  the  silver  contents  in  an 
ore  in  a  chloridizing  roast  conducted  in  a  muffle  at  a  low,  red  heat,  in  fifteen  to 
thirty  minutes.  The  same  ore  roasted  at  the  same  temperature  with  the  same 
percentage  of  salt  on  a  commercial  scale,  in  a  large  furnace,  under  the  worst  con- 
ditions, would  not  show  more  than  one-third  of  the  loss  sustained  in  the  muffle, 
while  under  the  best  conditions  the  loss  would,  in  all  probabilitj',  not  exceed  one- 
tenth  of  that  experienced  in  the  muffle.  The  time  required  for  roasting  in  any 
large  furnace  other  than  the  Stetefeldt  would  be  many  times  that  required  for  the 
muffle  roast.  If  it  can  be  shown  that,  with  only  a  momentary  exposure  of  the 
ore,  as  is  the  case  in  the  Stetefeldt  furnace,  the  percentage  of  silver  volatilized  is 
as  high,  or  nearly  aa  high,  as  when  the  ore  is  roasted  for  eight  hours  with  the 
same  quantity  of  salt  in  a  revcrberatory  furnace,  it  nuist  be  concluded  that  tliere 
are  other  influences  more  important  than  time  governing  such  loss.    This  has  been 
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found  to  be  the  case  with  the  Aspen  ores.  The  average  loss  by  volatilization  de- 
termined in  roasting  some  20-ton  lots  of  ore  in  a  reverberaiory  was  fomid  to  be 
less  than  that  experienced  at  Aspen,  where  the  Stetefeldt  furnace  is  used. 

"  In  the  above  cases  the  following  conditions  were  the  same:  Character  of 
ore,  percentage  of  salt  used  and  temperature  of  roasting.  Those  not  the  same 
were  :  Time  of  roasting  and  amount  of  oxygen  in  contact  with  the  particles  of 
ore  during  the  time  the  chloridizing  action  was  going  on. 

"  Time  only  increases  the  volatilization  of  silver  when  sufficient  heat  and  air 
are  present.  The  highest  loss  was  sustained  in  the  muffle  where  the  amount  of  air 
used  in  roa.sting  was  greatest.  The  ore  roasted  in  the  reverberatory  was  just  as 
well  chloridized  and  gave  fully  as  high  extraction  as  that  treated  in  the  Stete- 
feldt furnace 

"It  was  also  noticed  at  Aspen  that  some  of  the  lowest  losses  in  silver  were  ex- 
perienced during  the  months  when  a  heavy  excess  of  sulphur  had  been  used  and 
only  a  limited  supply  of  air  allowed  to  enter  the  furnace  ;  it  was  also  afterwards 
observed  that  additional  air  produced  a  higher  chloridization  of  the  silver,  but 
that  the  losses  by  volatilization  were  also  higher.  Every  indication  pointed  to 
the  fact  that  the  higher  chloridization  in  the  furnace  was  obtained  at  the  expense 
of  part  of  tlie  silver.  The  fact  of  a  smaller  loss  by  volatilization  when  roasting 
with  a  higher  percentage  of  salt  can  only  be  explained  on  the  same  theory, 
namely,  that  the  atmosphere  enveloping  the  ore  is  one  of  chlorine  rather  than 
oxygen.  During  the  strong  chloridizing  action  on  the  cooling  floor  where  the 
ore  remains  red-hot  to  within  a  few  inches  of  the  surface  for  two,  and  frequently 
three  days,  the  loss  by  volatilization  is  not  perceptible,  and  samples  taken  from 
different  parts  of  the  heap  at  different  intervals  show  no  variation  in  value.  It 
is  true  that  all  fumes  are  condensed  and  prevented  from  escaping  into  the  air  by 
the  cold  crust  of  ore,  and  the  volatilization  might  be  prevented  more  by  a  me- 
chanical than  chemical  condition. 

"In  chloridizing-roa.sting  gold-ores,  the  theory  equally  holds  so  far  as  the 
agency  of  air  is  concerned.  The  writer  has  roasted  gold-ores  side  by  side  in 
Bruckner  and  Ilowell-White  furnaces  with  the  same  percentage  of  salt  in  each. 
One  of  the  Howell-White  furnaces  was  built  in  front  of  the  other  and  the  ores 
allowed  to  pass  tlirough  both.  Nearly  all  the  sulphur  was  driven  off  in  the  first 
furnace.  The  salt  was  added  to  the  hot  ore  as  it  was  being  fed  from  the  first  fur- 
nace into  the  second,  where  it  was  roasted  for  a  little  over  an  hour.  In  the  Briick- 
ner  the  salt  was  added  to  the  raw  ore  and  the  charges  roasted  from  eight  to  twelve 
hours.  The  volatilization  of  gold  was  the  heaviest  in  the  Howell-White  furnace, 
where  undoubtedly  each  particle  of  ore  was  more  frequently  exposed  and  longer 
in  contact  with  the  air  than  in  the  Bruckner  furnace.  The  same  ore,  when  roasted 
in  the  muffle  Avith  the  same  percentage  of  salt  at  a  low  red  heat  for  fifteen  to  thirty 
minutes  showed  nearly  ten  times  as  great  a  loss  in  gold  by  volatilization  as  was 
experienced  in  the  practical  operation. 

"  It  is  evident  from  the  above  statements  that  determinations  of  the  volatiliza- 
tion of  silver  and  gold  by  chloridizing  a  few  hundred  grammes  of  ore  in  a  muffle 
are  not  apt  to  be  very  reliable.  According  to  Mr.  Letts,  Yedras  ore  is  now  being 
roasted  (chloridized)  in  the  reverberatory  furnace  at  a  loss  of  only  G\  to  7  per 
cent,  of  the  silver." 

To  meet  the  objection  that  the  above  argument  was  unac- 
companied with  detailed  proof,  I  offer  the  following,  which  I 
trust  will  be  conv^incing: 
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Table  II. — Results  of  Aspen  Ore  Roasted  in  Muffle  Furnace. 


Name  of  Ore. 


Smuggler 

Percy 

Compromise 

Mixture  No.  1-2  Samples... 

"  2-2        "       ... 

"  3-3        "       ... 

"  2-9        " 

"  5-19      "       ... 


Amount 
Taken. 


From  50 

to  150 
grammes. 


Salt. 


Per  cent. 
16 
16 
16 
16 
16 
16 
16 
16 
16 
16 


Sulphur. 


Per  cent. 
2 
2 
2 
2 
2 
2 
2 
2 
2 


-  Silver 
Time  of  volatil- 
Roastmg.         j2ed. 


From  15 

to  30 
minutes. 


Per  cent. 
35.7 
70.6 
53.5 
46.5 
45.5 
51.9 
46.1 
33.4 
30.6 
29.4 


Table  III. — Results  of  Aspen  Ore  Roasted  in  Stetefeldt  Furnace. 


Ore. 

No.  of 
Tons. 

Salt. 

Sulphur. 

Silver 
Volatil- 
ized. 

AgCl 
formed  in 
Furnace. 

Decrease 
of  AgCl 
by  Wash- 
ing. 

February  run 

March         "    

2090 
1319 
2435 
2123 
2687 
2656 

Per  cent. 
11.32 
11.52 
9.75 
12.03 
11.61 
11.27 

Per  cent. 
9.49 
8.18 
8.48 
7.3 
7.1 
7.4 

Per  cent. 

7.4 

7.62 

4.9 

10.8 

11.18 

11.57 

Per  cent. 
37.04 
43.32 
46.94 
53.51 
59.82 
56.78 

Per  cent. 

32.41 

37.16 

19.58 

8.6 

3.32 

0.51 

April           "    

July            "    

August       "    

September  "    

Table  TV. — Results  of  Aspen  Ore  Roasted  in  Recerheratory 

Furnace. 


Name  of  Ore. 


Aspen  

Camp  Bird.... 

Durant 

Percy 

Justice 

Compromise... 
J.  C.  Johnson 


Amount 


Salt 


Sulphur.'     Time  of 
^  Roasting. 


From  1  to 

2  tons  of 

each. 


Percent.    Percent. 
16       I         2 

15  2 

10  2 

10  2 

15  2 

10  2 

15  2 


From  6 

to  9 

hours. 


Silver 
Volatil- 
ized. 


Per  cent. 
5.7 
0.8 
4.8 
5.4 
4.3 
0.7 
7.9 


The  above  results  need  no  comment,  so  far  as  the  compara- 
tive volatiUzation  of  silver  is  concerned.  Mr.  Stetefeldt  argues 
that  the  loss  at  Aspen  might  have  been  in  dust  escaping  from 
the  last  dust-chamber  to  the  chimney,  and  hence  not  fairly 
chargeable  to  volatilization.  He  cites  the  experience  at  the 
Ontario  mill,  where  in  flues  about  150  feet  long,  4  feet  wide 


THE  VOLATILIZATION   OF   SILVER    IN    CHLORIDIZIaG-ROASTING. 


61 


and  6  feet  high,  interposed  between  the  dust-chambers  and  the 
chimney,  1.26  per  cent,  of  the  silver  in  the  ore  is  recovered. 
It  would  be  interesting  to  know  the  composition  of  the  material 
saved  in  these  flues,  and  especially  the  percentage  of  condensed 
fume  containing  silver  previously  volatilized.  At  Aspen,  a 
consideral)le  amount  of  such  material  was  saved  in  the  rear 
end  of  the  dust-chamber,  as  may  be  seen  from  the  following 
table : 


Table  Y. — Chloridized  Ore-Samples,  Beginning  with  No.  1  Taken, 
from  Shaft  of  Stetefeldt    Furnace,  and   Ending  icith   No.  21 
Taken  from  Foot  of  Stack. 


No. 

Ounces 

Agper 

ton. 

Pb. 

Solu- 
bility. 

No. 

Ounces 

Ag  per 

ton. 

Pb. 

Solu- 
bility. 

1   

30.0 
26.8 
21.4 
21.3 
17.0 
17.0 
18.4 
17.2 
18.8 
19.1 
17.5 

Per  cent. 
2.6 
2.0 
0.6 
Tr. 
1.0 
2.3 
3.0 
3.0 
3.9 
4.6 
5.0 

Per  cent. 
16.5 
10.3 
7.7 
6.6 
11.7 
15.7 
18.8 
20.3 
22.8 
24.0 
26.0 

12    

13  

18.2 
18.2 
19.0 
19.2 
19.7 
20.3 
24.0 
24.4 
21.6 
22.2 

Per  cent. 

6.6 

7.2 

7.9 

9.9 

13.2 

17.8 

14.0 

10.5 

13.2 

12.9 

Per  cent. 
32.5 
33.5 
35.7 
38.2 
38.5 
40.2 
30.5 
26.4 
40.5 
36.2 

2  

3  

14  

4  

15    

16  

5  

6  

7  

17  

18  

8  

19  

9  

20  

10  

21  

11  

The  actual  volatilization  of  silver  in  the  furnace  itself,  at  As- 
pen was  therefore  even  greater  than  the  figures  I  have  previ- 
ously given,  by  the  amount  of  volatilized  silver  thus  recovered. 

That  the  conditions  above  stated  are  not  peculiar  to  Aspen 
ores  exclusively,  was  indicated  by  the  treatment  of  several 
hundred  tons  of  Creede  ores  in  Aspen  furnaces.  These  ores 
contained  approximately  90  per  cent,  of  silica,  no  lime,  and  1 
per  cent.,  or  less,  of  sulphur.  The  detailed  results  are  not  in 
my  possession ;  but  I  am  informed  that  the  chloridization  in 
the  furnace  was  remarkably  good,  but  that  the  loss  by  volatiliza- 
tion was  even  greater  than  on  any  of  the  Aspen  ores. 

Mr.  Stetefeldt  concludes  his  paper  with  the  frank  admission 
that  "  the  fact  that  the  loss  of  silver  by  volatilization  during 
chloridizing-roasting  in  the  Stetefeldt  furnace  is  a  minimum, 
under  all  circumstances,  as  compared  with  roasting  in  any 
other  furnace,  lacks  absolute  proof."     In  view  of  the  foregoing 
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discussion,  I  tliiiik  we  may  fairly  ask  for  evidence  tViat  such  loss 
in  that  furnace  is  a  minimum  under  anv  circumstances. 


Postscript. — Since  this  paper  was  put  in  type,  the  writer  has 
received  the  news  of  the  sudden  death  of  Mr.  Stetefeldt.  If  he 
had  known  earlier  of  this  event,  while,  of  course,  it  would  not 
have  altered  the  opinions  and  arguments  stated  by  him,  it  would 
certainly  have  led  him  to  express  his  cordial  sense  of  the  pro- 
fessional ability  of  Mr.  Stetefeldt,  the  value  of  his  work,  and 
the  loss  inflicted  upon  the  Institute  by  his  death. 


The  Hydraulic  Elevator  at  the  Chestatee  Mine,  Georgia. 

BY  W.    R.    CRANDALL,    DAHLONEGA,    GA. 

(Pittsburgh  Meeting,  February,  1896.) 

The  southern  gold-fields  offer  some  of  the  most  complex  and 
trying  problems  encountered  in  mining;  and  their  successful 
solution  often  means  the  success  or  failure  of  the  particular  en- 
terprise involved. 

In  vein-mining,  where  the  values  are  scattered  over  large 
areas,  making  it  necessary  to  handle  a  large  tonnage  of  very 
low  average  grade,  the  successful  solution  has  been  found  in 
some  instances  by  a  combined  hydraulicking  and  milling ; 
water  under  pressure  being  used  as  the  mining  agent,  and  also 
for  transporting  the  broken  material  to  the  mills,  and  effecting 
in  its  passage  a  partial  concentration  of  the  product  by  washing 
out  the  lighter  and  looser  dirt  of  the  ore-mass. 

The  placer-deposits  of  the  South,  which  were  the  original 
localities  from  which  gold  was  mined,  have  been  extensively 
worked,  and  to  any  one  now  undertaking  their  development 
offer  many  difficulties.  The  antiquity  of  the  industry  in  this 
field,  which  was  the  cradle  (in  fact,  literally  tlic  rocker),  in  which 
the  California  '49-er  was  born,  gives  assurance  that  all  the 
deposits  available  to  water  and  natural  drainage  have  been 
more  or  less  extensively  worked  already,  so  that,  as  a  rule,  any 
placer-deposits  yet  remaining  undeveloped  may  be  considered 
to  offer  some  difliculty  beyond  the  ability  of  the  "  old-timer  " 
to  overcome. 
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Fig.  I. 
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This  obstacle  generally  consists  in  lack  of  drainage,  the  de- 
posit being  often  entirely  below  the  water-level  of  the  adjacent 
stream ;  and  the  remedy  must  be  some  means  of  raising  the 
tailings  and  water  to  such  an  elevation  as  will  allow  their  dis- 
charge into  the  natural  water-courses. 

This  has  been  accomplished  in  California  and  elsewhere  by 
means  of  the  hydraulic  lift  or  elevator ;  but  the  comparatively 
small  areas  available  here  preclude  the  use  of  the  elaborate 
and  (Expensive  type  of  elevator  hitherto  used.  Having  been 
connected  with  an  under-drain  placer  for  the  past  two  years,  I 
submit  (in  accordance  with  a  promise  made  during  the  discus- 
sion of  the  paper  of  Messrs.  Nitze  and  Wilkens  at  the  Atlanta 
meeting)  a  type  of  portable  hydraulic  lift  or  gravel-elevator, 
which  I  believe  more  nearly  suits  the  requirements  of  the  south- 
ern placer-deposits  than  any  I  have  yet  seen.  The  accompany- 
ing figures  will  perhaps  explain  the  construction  and  operation 
of  this  device,  as  well  as  a  more  elaborate  description.  Fig.  1 
shows  the  elevator  in  detail;  Fig.  2,  the  manner  in  which  it  is 
set;  Fig.  3,  the  details  of  the  flume,  etc.  In  all  the  figures  the 
parts  are  lettered  respectively  as  follows : 

A.  Cast-iron  elbow  at  the  base  of  the  elevator. 

B.  Wings  or  vanes,  to  straighten  the  water  before  it  enters 
the  nozzle. 

C.  ]^ozzle. 

D.  Air-cap. 

E.  Air-inlet  pipe,  to  furnish  air  when  the  bottom  of  the  dis- 
charge-pipe is  submerged. 

F.  Studs  to  support  the  discharge-pipe,  and  to  keep  it  and 
the  nozzle  in  line. 

G.  Cast-iron  flanged  throat. 
H.  Discharge-pipe. 

I.  Discharge-box. 

K.  Hood  for  discharge-box. 

L.  Adjustable  wood-packing  around  discharge-pipe. 

M.  Discharge-flume. 

N.  Adjustable  flume-supports. 

This  elevator,  as  used  at  the  Chestatee  mine,  near  Dahlonega, 
Ga.,  where  it  has  been  gradually  developed  and  perfected  under 
the  needs  of  practice,  consists  essentially  of  an  elbow,  A,  longer 
at  one  side  than  the  other,  and  coupling  by  means  of  a  flange 
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to  a  5-iiicli  pipe.  At  the  other  extremity  are  a  flange,  into 
which  the  nozzle  screws,  and  three  studs,  F,  which  support  the 
throat  into  which  the  gravel  and  water  enter  to  be  elevated. 


The  throat  slips  inside  the  6-inch  lap-welded  pipe,  H,  for  dis- 
charging into  the  flume  on  the  bank,  from  which  it  may  be  con- 
veyed wherever  desired. 
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The  whole  apparatus,  except  the  discharge-pipe,  may  be 
readily  carried  by  two  men.  If  it  be  necessary  to  move  the 
elevator  often,  to  keep  up  with  the  drainage,  the  portable  char- 
acter of  the  outfit  is  a  great  advantage. 

At  the  Chestatee  mine  the  practice  is  about  as  follows :  The 
water-supply  is  conducted  to  the  mine  through  a  9-inch  pipe. 
At  a  suitable  point  the  water  is  divided,  and  a  5-inch  pipe  con- 
veys that  used  by  the  lift,  while  a  7-inch  pipe  conducts  to  the 
giant.  Valves  are  provided  at  the  Tee,  so  that  one  or  both  may 
be  shut  oiF  as  necessity  requires.  The  lift  is  set  into  the  slate 
to  such  depth  as  may  be  desired,  and  connection  is  made  with 
the  water-supply  pipe.  The  discharge-pipe  is  then  slipped  over 
the  throat  and  the  discharge-flume  is  put  in  place,  the  discharge- 
pipe  being  set  at  such  an  angle  of  inclination  as  may  be  neces- 
sary to  give  proper  grade  to  the  tailings-flume  and  allow  the  pipe 
to  extend  a  few  inches  through  the  bottom  of  the  hooded  box. 

The  air-pipe,  E,  is  then  screwed  into  place,  and  the  lift  is 
ready  for  operation.  "We  govern  the  depth  to  which  we  set 
the  lift  into  the  bed-rock  slate  by  the  hardness  or  softness  of 
the  latter.  If  it  be  hard,  frequent  moving  is  cheaper  than  cut- 
ting slate-drains.  If  soft,  we  go  as  deep  as  the  slate  will 
stand  without  timbering.     This  we  find  to  be  about  7  feet. 

A  main  drain  is  then  started  in  the  general  direction  of  our 
work,  from  which  laterals  are  afterwards  cut  as  required ;  and, 
at  some  suitable  place  near  the  lift-pit,  a  box  about  6  feet  long 
by  32  inches  wide  is  set  into  the  drain  at  grade,  and  in  this  is 
placed  a  cast-iron  "  grizzly  "  having  round  holes  2|  inches  in 
diameter.  This  catches  any  rocks  which  may  escape  the 
forkers,  and  insures  that  nothing  will  get  to  the  lift  which  will 
not  readily  pass  through  the  throat,  which  has,  when  new,  an 
opening  of  3  inches. 

"We  use  'straight-bar  riffles  in  the  discharge-flume,  to  catch 
any  gold  that  may  pass  through  the  lift.  This  we  find  in  prac- 
tice to  be  about  5  per  cent,  of  the  total  amount  recovered — a 
result  largely  due  to  the  fact  that,  when  work  is  started  at  a 
new  pit,  the  ground-sluices  are  not  long  enough  to  settle  the 
gold  thoroughly. 

"Whenever  the  drainage  afforded  by  a  pit  is  exhausted,  the 
pipe-line  is  extended,  a  new  pit  is  sunk  near  the  gravel-breast 
and  the  work  is  continued  as  before. 
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As  the  work  follows  the  general  course  of  the  river,  the 
tailings  are  discharged  into  the  river  at  the  nearest  point,  the 
portable  tailing-flume  being  extended  far  enough  to  insure  the 
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safety  of  the  immediate  bank.    The  tailings  finally  flow  through 
a  ditch  into  the  river. 

"We  usually  use   about  200  feet  of   5-inch  pipe  in    the  lift 
water-supply  before  extending  the   9-inch  pipe-line ;    and  we 
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often  move  up  100  feet,  dig  the  pit,  re-set  the  lift  and  get  ready 
for  work  again  in  one  12-hour  shift  with  5  men. 

As  to  the  work  which  the  lift  will  accomplish,  I  may  say 
that  we  are  using  a  lift  with  l|-inch  nozzle,  discharging 
through  a  3-inch  throat  into  a  6-inch  pipe,  and  lifting  an  aver- 
age of  18  feet  vertically,  with  water  at  about  60  pounds  pres- 
sure per  square  inch. 

As  we  are  quite  near  the  river,  and  have  the  drainage  of 
a  side-hill,  the  surface-water  is  considerable,  probably  50  gal- 
lons per  minute.  We  use  a  1^-inch  nozzle  on  the  giant,  and 
the  lift  readily  handles  all  this,  and  all  the  dirt  and  gravel 
we  are  able  to  wash  to  it.  The  latter  we  estimate,  from 
measurements  taken  at  different  times,  to  be  about  ^  cubic 
yard  per  minute  of  "  topping."  The  quantity  of  gravel  is  hard 
to  determine,  owing  to  varying  conditions;  but  it  is  safe  to 
say  that  it  is  all  that  the  amount  of  water  employed  will 
wash. 

There  is  one  other  feature  of  the  operations  at  the  Chestatee 
mine  which  offers  something  of  novelty,  namely,  that  the  water 
for  both  giant  and  lift  is  furnished  by  a  water-actuated  pressure- 
pump,  used  on  direct-pressure. 

With  proper  regulation  as  to  the  closing  of  the  valves  at 
terminal,  so  as  not  to  run  the  pressure  on  the  pipe-line  beyond 
safe  limits,  this  method  offfers  some  advantages :  In  case  of 
need,  a  higher  pressure  may  be  obtained  by  the  use  of  a  smaller 
nozzle;  the  pipe-line  and  the  whole  water-supply  are  under 
closer  control;  ditch-watching  and  repairs  are  avoided;  and 
when  the  pump  is  stopped  there  is  no  water  available  for  the 
operations  of  casual  outside  prospectors. 

In  conclusion,  I  would  say  that  I  believe  there  are  many 
places  throughout  our  southern  gold-fields  where  placer-de- 
posits, hitherto  considered  inaccessible,  may  be  worked  at  a 
profit  by  some  modification  of  our  practice  here.  Even  where 
water-power  is  not  available,  steam  raised  with  cheap  fuel  can 
be  profitably  used  for  the  pumping,  and  the  water  can  be  em- 
ployed under  direct  pressure  for  the  giant  or  the  lift,  or  both, 
and  the  simplicity  and  portability  of  such  a  plant  as  I  have  de- 
scribed render  it  especially  suitable  to  this  particular  region. 
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The  Ore-Deposits  of  the  Australian  Broken  Hill  Consols 
Mine,  Broken  Hill,  New  South  'Wales. 

BY  GEORGE  SMITH,   BROKEN  HILL,    N.    S.   W. 

(Pittsburgh  Meeting,  February,  1896.) 

The  Australian  Broken  Hill  Consols  mine  is  situated  within  a 
third  of  a  mile  eastwards  of  the  famous  Broken  Hill  Proprietory 
mine ;  but,  so  far  as  has  yet  been  proyed,  the  respectiye  lodes 
have  no  connection  whateyer.  The  Proprietory  line  of  lode, 
striking  N.E.  and  S.W.,  is  coincident  with  the  bedding-planes 
of  the  inclosing  gneiss,  and,  according  to  Mr.  E.  F.  Pittman, 
A.R.S.M.,  goyernment  geologist,  is  undoubtedly  a  saddle-for- 
mation. This  opinion,  which  met  with  much  opposition  at  the 
time  it  was  advanced,  is  now,  I  understand,  being  generally 
confirmed  as  the  work  of  development  opens  out  fresh  areas 
for  observation  along  the  line  of  lode.  The  lode  is  of  immense 
thickness — in  places  over  300  feet — and  though  it  has  been 
found  to  contain  sufficient  quantities  of  secondary  silver -com- 
pounds to  yield  phenomenal  outputs  of  silver,  its  principal  con- 
stituents are  various  lead  and  other  ores,  and  it  would  appear 
more  correct  to  regard  it  as  an  argentiferous  lead-deposit  than 
as  a  silver-lode  proper. 

The  Consols  lode  differs  from  its  gigantic  neighbor  in  every 
respect.  "With  an  average  thickness  of  not  more  than  18 
inches,  it  has  been  worked  along  its  course  for  upwards  of  1300 
feet,  and  at  every  point  yet  explored  has  been  found  remarka- 
bly well-defined  and  persistent.  With  a  strike  E.  and  W.,  it 
cuts  obliquely  across  the  bedding  of  gneiss  and  schist,  continu- 
ing uninterruptedly  through  various  bands  of  eruptive  amphi- 
bolite.  The  dip,  which  is  to  the  south,  ranges  from  24°  near 
the  surface  to  nearly  vertical  in  the  lower  levels ;  but  the  alter- 
ation is  not  regular,  as  in  places  the  lode  is  almost  flat,  and  this 
at  a  vertical  depth  of  over  300  feet.  These  changes  of  incli- 
nation have  had  no  eflfect  on  the  ore-deposits,  which,  as  I  shall 
endeavor  to  show,  have   been  governed   entirely  by  "  cross- 


70  ORE-DEPOSITS    OF    TUE    BROKEN    HILL    CONSOLS    MINE. 

veins  "  traversing  the  lode  at  different  angles.  It  is  only  at  the 
points  of  intersection  of  these  "  cross-veins  "  with  the  lode  that 
important  bodies  of  ore  have  yet  been  found. 

The  ore-deposits  discovered  up  to  the  present  time  have  been 
much  scattered,  and  have  consisted  almost  exclusively  of  silver- 
ores  proper,  the  bulk  of  the  metal  being  present  in  the  form  of 
stromeyerite  and  other  permanent  silver  sulphides,  which  have 
been  found  to  possess  the  same  characteristics  in  whatever  part 
of  the  mine  they  have  been  found.  We  may  thus  regard  this 
as  essentially  a  silver-lode,  presenting  the  features  of  a  fissure- 
vein. 

All  the  ore  yet  won  has  been  confined  to  those  portions  of 
the  lode  which  are  inclosed  in  the  amphibolite,  and  the  bound- 
aries of  this  rock  have  been  proved  to  be  identical  with  the 
limits  of  the  ore-bearing  shoots.  Where  the  metamorphic 
rocks  have  been  intersected,  the  lode  invariably  pinches,  some- 
times showing  no  more  than  an  inch-seam  of  fluccan.  Three 
separate  bands  of  amphibolite  have  so  far  been  more  or  less 
explored,  each  apparently  possessing  the  same  peculiarities  and 
possibilities,  but  of  these  only  one  has  been  extensively  worked  ; 
and  it  is  to  the  occurrence  of  the  ore  in  this  that  I  would  direct 
attention,  with  no  more  than  a  passing  reference  to  the 
others. 

To  a  vertical  depth  of  about  130  feet  the  lode-gangue  is 
limonite,  and,  below  this,  siderite  and  calcite ;  these  latter  min- 
erals often  showing  the  banded  structure  characteristic  of  fis- 
sure-veins. In  the  zone  of  oxidation  of  the  siderite,  the  re- 
moval of  the  calcite  is  practically  complete;  but  where  this 
oxidation  is  still  incomplete  and  the  siderite  is  altered  exter- 
nally only  into  limonite,  the  calcite  is  found  in  a  partially  dis- 
solved condition,  the  solutions  ha\4ng  penetrated  some  distance 
into  the  cleavage-planes,  but  not  far  enough  to  efiect  entire 
solution.  The  siderite  ha\ang  been  the  first  of  these  two  min- 
erals to  be  deposited  on  the  walls  of  the  lode,  it  has  (where  it 
did  not  entirely  fill  the  fissure)  crystallized  before  the  calcite 
was  introduced.  The  removal  of  the  latter  mineral  has,  in 
consequence,  left  the  upper  part  of  the  lode  in  a  more  or  less 
vuggy  condition,  with  very  fine  pseudomorphs  of  limonite  on 
the  hanging-wall ;  and  on  these,  various  minerals  of  subsequent 
deposition  are  occasionally  found. 
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The  o^ano^ue  dissolving  a])ove  has  been  carried  downwards 
and  deposited  in  the  interstices  of  the  lode,  generally  as  a 
sludge,  but  sometimes  showing  incipient  stages  of  crystalliza- 
tion. These  changes  can  be  seen  still  going  on  as  the  surface 
waters  dissolve  and  carry  doAvn  the  more  soluble  minerals,  the 
deposition  readily,  taking  place  in  open,  undisturbed  parts  of 
the  mine. 

A  similar  process  of  alteration  and  removal  has  been  ob- 
served with  regard  to  some  of  the  silver-minerals ;  but  where 
the  silver  has  been  partially  or  entirely  leached  out,  precipita- 
tion has  apparently  taken  place  in  the  immediate  vicinity,  in 
some  instances  probably  on  the  very  masses  from  which  it  had 
been  so  removed.  This  will  be  further  explained  with  refer- 
ence to  one  mineral  which  has  been  extensively  altered,  and 
which  will  come  under  notice  in  due  course. 

The  ores  of  the  mine  exhibit  many  varieties,  some  of  which 
have  not  been  found  elsewhere  in  the  district,  or,  in  fact,  in 
Australia ;  but  with  four  exceptions  these  rare  minerals  occur 
in  small  quantity,  and  it  is  unnecessary  for  the  purposes  of  this 
paper  to  make  extended  reference  to  them.  The  following  are 
the  most  important,  and  are  named  in  the  order  of  their  pro- 
ductiveness : 

Containing  silver. 
Per  cent. 

1.  Stromeyerite,         .        .         ...         .        .         .     about  30 

2.  Dyscrasite, •         •         .     72  to  94 

3.  Antimonial  silver  chloride, 50  to  76 

4.  Fahlerz, about  20 

In  dealing  with  the  deposition  of  these  minerals,  I  will  con- 
fine my  remarks  to  Nos.  2  and  3  as  being  the  most  uncommon 
and  difiicult  of  the  series  to  account  for  under  ordinary  condi- 
tions of  deposition  ;  but  before  dismissing  the  others  it  may  be 
interesting  to  note  that  Nos.  1  and  3  have  not  been  met  with  in 
the  lower  workings,  though  each  has  been  found  at  some  dis- 
tance below  the  water-level.  Nos.  2  and  4  take  the  lead  in 
depth,  and  each  has  been  found  scattered  through  the  gangue 
in  small  quantities,  ranging  in  size  from  grains  to  lumps  weigh- 
ing nearly  56  pounds.  Tliese  small  deposits  have  been  found 
to  assume  a  distinct  track,  and  are  evidently  the  continuation 
of  the  larger  deposits  worked  in  the  upper  levels,  and  deposited 
under  conditions  which  I  shall  endeavor  to  explain. 
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A  peculiar  fact  in  connection  with  the  ore-bodies  is  their 
constant  association  with  small  quantifies  of  cobalt-minerals. 
They  are  apparently  inseparable ;  and,  to  the  best  of  my  recol- 
lection, neither  has  been  found  without  the  other.  Where  it 
occurs  within  the  zone  of  oxidation,  the  cobalt-ore  is  generally 
more  or  less  altered,  and  is  then  often  argentiferous,  sometimes 
to  the  extent  of  5  per  cent. ;  but,  as  a  rule,  it  does  not  occur  in 
immediate  contact  with  the  silver-ore,  but  in  a  separate  vein  of 
lode-material  either  above  or  below  the  latter.  Below  this  zone 
the  cobalt  is  almost  solely  in  the  form  of  cobaltite,  and  though 
it  has  been  found  in  intimate  mechanical  mixture  with  the 
silver-ore,  it  is  practically  free  from  the  latter  when  in  its  unal- 
tered state. 

The  term  "  cross-vein,"  used  herein,  is  adopted  simply  for 
convenience,  and  in  preference  to  "  indicator,"  a  term  which 
has  been  extensively  used  in  Ballarat,  Victoria,  as  referring  to 
small  bedded  veins  of  slate  or  pyrites  which  have  been  found 
to  strike  across  the  auriferous  quartz-lodes,  leading  to  the  dis- 
covery of  important  deposits  of  gold  at  the  points  of  intersec- 
tion with  the  lodes.  The  presence  of  these  "  indicators  "  may 
have  had  an  effect  upon  the  gold  analogous  to  that  which  I 
believe  the  "  cross-veins  "  of  this  mine  have  had  upon  the  silver- 
deposits. 

In  that  band  of  diorite  (amphibolite)  which  contains  the 
shoot  most  extensively  worked,  two  separate  and  parallel 
"cross-veins"  have  been  found;  but,  unlike  the  "indicators"  of 
Victoria,  neither  is  continuous.  Their  course  is  approximately 
N.E.  and  S.W.,  following  the  direction  of  the  shoot,  and  wher- 
ever they  have  been  met  with,  valuable  deposits  of  silver  have 
been  found  at  the  points  of  their  contact  with  the  lode.  The 
larger  of  these  falls  vertically  on  the  lode,  and  is  composed  of 
varying  proportions  of  blende,  pyrites,  etc.,  with  quartz;  the 
thickness  ranging  from  a  mere  streak  to  over  3  feet.  By  far 
the  largest  bonanzas  yet  found  were  in  association  with  this 
"cross-vein."  The  accompanying  sketch.  Fig.  1,  which  was 
made  by  Mr.  C.  J.  Klug,  the  mining  manager,  at  the  time  the  ore 
was  being  worked,  shows  that  the  deposit  was  made  up  of  sev- 
eral layers  of  ore,  etc.,  each  remarkably  distinct  and  totally 
different  from  the  preceding  one,  indicating  a  great  diversity 
and  complete  change  in  the  successive  solutions. 
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The  smaller  "  cross-vein  "  is  composed  of  biotite  with  clay, 
etc.,  but  similar  deposits  have  been  connected  with  it,  including, 
several  remarkable  minerals,  of  which  space  forbids  a  descrip- 
tion here.  A  very  interesting  discovery  of  a  slab  of  dyscrasite 
must,  however,  be  mentioned.  This  had  been  deposited  in  a 
vug  in  the  siderite,  the  roof  of  which  was  perfectly  crystallized  ; 
and  the  silver-ore,  when  deposited,  had  taken  a  complete  cast 
of  the  crystals.  On  being  freed  from  the  gangue  this  specimen 
weighed  87  pounds,  and  presented  a  most  interesting  appearance. 

Fig.  I. 


Approx. 


Australian  Broken  Hill  Consols  Mine,  New  South  Wales. 

A.  Dyscrasite;   B.   Stromeyerite  ;  C.  Decomposed  amphibolite,  etc.,  assaying 

under  7    ounces   per   ton  ;   D.   Fahlerz ;    E.  Soft   gossany   material,    containing 

nodules  of  silver  chloride,  stromeyerite,  etc.,  and  averaging  about  750  ounces  per 

ton  ;  F.  Linionite,  practically  free  from  silver  ;  G.  Cross-vein  ;  H.  Amphibolite. 

Both  the  "  cross-veins  "  have  been  found  to  cut  out  and  make 
again  at  irregular  intervals  for  a  considerable  distance ;  but  in . 
depth  both  have  been  lost,  and  operations  are  now  being  directed 
in  the  lower  levels  with  a  view  of  picking  up  their  continuation. 
The  larger  "  cross-vein,"  which  is  shown  in  the  sketch,  has  been 
faulted  by  the  lode;  and  though  it  has  been  traced  in  an  almost 
direct  line  for  nearly  600  feet,  it  would  probably  be  more  cor- 
rectly described  as  a  succession  of  rock-joints  formed  along  a 
line  of  weakness,  and  enlarged  in  places  by  a  process  of  re- 
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moval  and  replacement.  The  biotite-vein  is  not  so  persistent ; 
but  it  may  have  been  of  analogous  origin,  the  minerals  tilling 
it  being  no  doubt  the  result  of  a  chemical  rearrangement  of 
the  inclosing  amphibolite. 

In  another  part  of  the  mine,  500  feet  to  the  east,  a  separate 
shoot  is  being  worked,  which  has  yielded  the  same  class  of 
silver-compounds,  deposited  under  similar  conditions.  This 
shoot  is  crossed  almost  at  right  angles  by  a  veritable  cross-vein 
of  pyrites ;  and  though  this  vein  presents  certain  slight  dissim- 
ilarities to  those  above  referred  to,  its  effect  upon  the  silver- 
solutions  appears  to  have  been  exactly  the  same ;  the  ore  occur- 
ring at  the  point  of  its  junction  with  the  lode. 

It  will  thus  be  seen  that  wherever  the  cross-veins  have  been 
found  to  make  junctions  with  the  lode,  valuable  deposits  of 
silver  have  been  found,  and  no  important  find  has  yet  been 
made  except  where  a  "  cross-vein  "  has  been  in  evidence.  The 
lode-gangue  is  very  often  composed  of  most  "  kindly  "  material, 
which,  as  a  rule,  is  practically  free  from  silver  (averaging  less 
than  half  an  ounce  per  ton),  up  to  within  a  very  short  distance 
of  the  ore-bodies.  It  must,  therefore,  be  admitted  that  what- 
ever may  have  been  the  direct  cause  of  the  deposition  of  the 
silver,  the  cross-veins  have  played  an  essential  part  in  the  pro- 
cess. 

The  dyscrasite  has  been  found  in  quantities  ranging  from  the 
smallest  of  films  and  crystals,  to  huge  blocks  weighing  over  a 
ton ;  one  piece,  on  being  broken  as  small  as  possible  for  con- 
venience in  handling,  weighed  16  cwts.,  and  yielded  fine  silver 
equal  to  80  per  cent.,  the  smelted  value  of  which  was  over 
£4300  (1891).  Another  piece  measured  in  situ  6  feet  by  4 
feet  at  its  largest  part,  and  averaged  about  four  inches  in  thick- 
ness. The  weight  of  this  was  about  23  cwts.,  but  its  silver 
value  was  rather  lower.  Altogether,  over  6  tons  of  this  min- 
eral was  taken  from  one  deposit,,  pelding  over  142,000  ounces 
of  fine  silver,  togetlujr  with  other  ores,  principally  stromeyer- 
ite,  yielding  an  additional  335^000  ounces. 

Practically  the  whole  of  the  dyscrasite  has  been  found  crys- 
tallized ;  some  of  it,  especially  that  occurring  in  calcite,  being 
of  great  beauty.  Tlie  most  common  varieties  contained  definite 
proportions  of  antimony  and  silver,  as  will  be  seen  by  the  fol- 
lowing analyses  made  of  typical  crystallized  specimens : 
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No. 
No. 
No. 


Silver.  Autimonj'. 
per  cent,  per  cent. 


1  =  72.9 

2  =  78.3 
3^8-4  4 

No.  4  =  91.5 
No.  5  =  94.1 


27.1 

21.7 

15.6 

8.5 

5.9 


agreeing  with  the  formula 


AgjSb. 
Ag.Sb. 
AgfiSb. 
Ag,,Sb. 
Ag.sSb. 


The  aiitimonial  silver  chloride  is  a  specially  interesting  min- 
eral, inasmuch  as  it  carries  with  it  certain  evidences  of  altera- 
tion, fi'om  which  much  of  its  history  can  he  gathered.  All  the 
deposits  yet  found  have  unmistakably  shown  it  to  be  the  re- 
sult of  alteration  of  dyscrasite.  As  I  have  previously  observed, 
it  is  evident  that  the  solutions  which  originally  coursed  through 
the  lode  must  have  been  very  varied.  In  a  measure,  the  effects 
of  each  can  be  traced  by  its  varying  action  upon  those  minerals 
that  were  most  susceptible  to  its  attacks.  The  particular  solu- 
tions that  have  resulted  in  the  mineral  now  under  notice  would 
seem  to  have  contained  certain  quantities  of  lime,  magnesia, 
iron,  etc.,  as  chlorides  probably;  and  they  would,  therefore,  be 
very  similar  to  those  at  present  existent  in  the  mine. 

I  am  indebted  to  the  kindness  of  Mr.  E.  F.  Pittman,  govern- 
ment geologist,  for  the  following  analyses  of  this  mineral, 
which  were  made  by  Messrs.  Mingaye  &  White,  analysts  to  the 
Mines  Department.  Unfortunately  the  samples  analyzed  are 
not  taken  from  the  purest  specimens,  but  they  were  the  best 
procurable  at  the  time.  The  silver-contents  are  unusually 
low: 

Analyses  of  Antimonial  Silcer 


Moisture  at  100°  C,     . 

Combined  water,  . 

Silver, 

Antimony,  . 

Copper, 

Lead,  .... 

Arsenic, 

Gold 

Lime,  .... 
Magnesia,    . 
Ferric  oxide. 
Chlorine, 

Insoluble  Tgangue), 
Oxygen  (by  difference), 


Chloride. 

No.  1. 
per  cent. 

0.56 

4.04 
47.46 
16.87 
.11 
.62 
trace, 
trace. 

3.78 

1.17 

2.11 
13.69 

1.01 

8.58 


No.  2. 

per  cent. 

0.13 

4.37 

45.87 

20.72 

.48 

.31 

trace. 


4.25 
.20 
.45 

12.27 
.90 

10.05 


100.00 


100.00 
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It  will  be  understood  from  these  analyses  that  the  alteration 
to  which  the  dyscrasite  has  been  subjected  was  very  complete ; 
and  in  effecting  this  change  it  would  appear  that  the  solutions, 
in  causing  the  combination  of  a  certain  portion  of  the  silver  as 
chloride,  had  leached  out  a  further  portion  which  was  immedi- 
ately precipitated  on  the  exterior  of  the  mass  as  ordinary  cerar- 
gyrite.  The  remaining  antimonide  has  been  oxidized  by  the 
same  means  into  antimoniate,  leaving  the  uncombined  antimony 
behind  as  Sb204.  Large  lumps  of  this  mineral  have  been  met 
with,  one  weighing  as  much  as  475  pounds.  Many  of  the 
pieces,  on  being  broken,  showed  the  gradual  action  of  the  solu- 
tions, the  outer  crusts  being  completely  changed,  while  the 
center  consisted  of  a  kernel  of  unaltered  antimonide  (dyscrasite) 
w^hich  the  solutions  had  failed  to  reach.  The  intermediate 
parts  often  displayed  the  partially  altered  mineral,  the  change 
having  advanced  insuifieiently  to  destroy  the  original  crystalliza- 
tion. It  is  only  above  the  unaltered  siderite  that  this  mineral 
has  been  found ;  and  occasionally  it  is  seen  in  close  association 
with  dyscrasite  which,  probably  because  the  solutions  were  un- 
able to  reach  it,  shows  no  sign  of  alteration  whatever. 

Various  deposits  of  small  nodules  have  been  found  quite 
loose  in  open  spaces  in  the  lode,  necessitating  the  not  unpleas- 
ant task  of  shoveling  them  out.  Each  was  spherical,  and 
coated  with  cerargyrite  crystals ;  these  had  evidently  been  con- 
tained originally  in  calcite  as  nodular  masses  of  dyscrasite, 
which,  upon  the  removal  of  the  gangue,  had  been  dropped  out 
and  acted  upon  as  I  have  described. 

The  action  of  the  solutions  upon  various  other  ores  has  been 
noted ;  and  though  the  effects  in  some  cases  are  most  interest- 
ing, producing  compounds  of  a  very  complex  character,  these 
cannot  be  touched  upon  here.  The  dyscrasite,  however,  ap- 
pears to  have  been  specially  sought  out  for  attack ;  and  it  has 
been  noticed  that  where  there  was  intimate  association  with 
fiihlerz,  the  chloride  was  not  formed,  but  the  leaching-process 
was  carried  on  in  some  instances  to  such  an  extreme  that  the 
whole  of  the  silver  was  removed,  leaving  nothing  behind  but 
an  insoluble  white  oxide  of  antimony.  The  quantities  upon 
which  such  an  extreme  action  has  taken  place  appear  to  have 
been  comparatively  small,  and  generally  the  altered  antimonide 
(dyscrasite)  has  been  found  as  loose  nuggets  in  the  fahlerz,  each 
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coated  with  the  antimony  oxide,  and  showing  beyond  all  doubt 
that  it  had  been  considerably  acted  upon  by  solutions  of  some 
kind. 

In  attempting  to  account  for  the  deposition  of  these  and  the 
other  silver-compounds  of  this  mine,  I  assume  that  the  metals 
were  originally  brought  from  below  in  solution  (this  with  all 
deference  to  Dr.  Sandberger),  in  wliich  state  they  would  remain 
until  the  conditions  were  so  changed  as  to  adnnt  of  their  depo- 
sition. It  maybe  held  that  having  been  .dissolved  by  weak 
solutions,  under  high  temperature  and  pressure,  they  would  be 
deposited  on  the  removal  of  those  conditions  in  the  open  por- 
tions of  the  lode.  This  is  probably  true  of  the  ore-bodies  of 
many  mines ;  but  in  this  case  the  chemical  union  of  two  elements 
of  such  weak  atiinity  as  silver  and  antimony,  together  with  the 
constant  association  of  the  "  cross-veins,"  would  suggest  the 
application  of  a  special  force  passing  through  the  latter.  All 
the  evidence  yet  produced  in  the  mine's  development  points  to 
an  essential  connection  between  the  ore-deposits  and  "  cross- 
veins,"  and  it  would  therefore  seem  only  necessary  to  ascertain 
what  that  depositing  influence  has  been,  to  understand  how  the 
deposition  was  brought  about. 

Geologists  are  agreed  that  electro-magnetic  currents  are  con- 
tinually passing  through  the  earth's  crust,  and,  if  so,  these  cur- 
rents would,  I  presume,  be  far  more  likely  to  use  separate  veins 
as  mediums  for  their  transmission  than  to  pass  through  solid 
rock,  no  matter  what  its  character  might  be.  If  we  bear  in 
mind  these  two  important  facts,  viz.  (1)  that  the  deposits  are 
always  connected  with  the  "  cross-veins,"  and  (2)  that  elec- 
tricity is  constantly  passing,  it  appears  to  me  that  we  need  go 
no  further  in  our  search  for  the  depositing  agent,  which  has 
been  a  continual  succession  of  electro-magnetic  currents  pass- 
ing through  the  "  cross-veins,"  and  causing  the  deposition — 
very  often  in  remarkable  combination — of  the  elements  held  in 
solution  at  the  points  of  contact. 

Unfortunately,  the  apparent  absence  of  continuity  deprives 
the  "  cross-veins "  of  much  of  their  value  as  guides  to  ore- 
bodies  ;  but,  though  they  have  not  yet  been  proved  to  be  con- 
tinuous, I  am  nevertheless  of  opinion  that  they  possess  an  un- 
broken connection  of  some  kind  which,  in  the  present  state  of 
our  knowledge,  Ave  are  unable  to  trace.     This  connection  may 
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be  found  in  the  ordinary  rock-joints,  but  if  po,  they  are  too 
numerous  and  erratic  to  be  followed  with  any  degree  of  cer- 
tainty. 

The  ore,  as  I  have  remarked,  makes  downwards  in  small 
quantities  with  more  or  less  regularity,  and,  in  the  absence  of 
any  other  known  indication,  is  being  followed  in  the  belief  that 
it  will  prove  to  be  a  connecting  link  between  the  large  bodies, 
which  will  be  found  only  where  the  conditions  that  were  neces- 
sary to  effect  their  deposition  exist. 

Such  is  the  theory  which  the  observations  of  several  years 
have  led  me  to  form  upon  the  occurrence  of  the  ore-deposits  -of 
this  mine;  and  my  object  in  publishing  it  is  to  elicit  discussion, 
and  so  lead  others,  who  may  have  had  similar  experiences  in 
other  parts  of  the  world,  to  relate  them.  The  electrical  hypoth- 
esis is  advanced  because  I  know  of  no  other  agency  that  is 
capable,  under  the  conditions  I  have  described,  of  producing 
these  results.  There  are,  no  doubt,  among  my  fellow-members 
many  who  could  supply  additional  evidence  on  the  subject, 
either  confirmatory  or  otherwise ;  and  I  trust  this  paper  may  be 
the  means  of  inducing  them  to  do  so. 


Notes  on  Conveying-Belts  and  Their  Use. 

BY  THOMAS   ROBINS,   JR.,    NEW  YORK  CITY. 

(Pittsburgh  Meeting,  February,  1896.) 

About  six  years  ago  the  writer  had  occasion  to  visit  a  large 
magnetic  iron-ore  concentrating-plant,  and  then  saw  for  the  first 
time  rubber  belts  employed  for  conveying-purposes.  These 
belts  were  from  20  inches  to  30  inches  in  width,  and  some  of 
them  were  as  long  as  500  feet  between  centers.  When  I  spoke 
of  the  enormous  amount  of  material  they  handled  with  a  small 
expenditure  of  power,  the  superintendent  assented,  but  at  the 
same  time  complained  that  although  he  bought  the  best  quality 
of  belts,  the  abrasion  of  the  ore  wore  them  out  very  rapidly, 
causing  continually  very  large  bills  for  repairs  and  renewals. 

On  close  examination  several  interesting  points  were  dis- 
covered : 
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1.  It  was  noticed  that  the  thin  layer  of  rubber  which  covered 
the  belt  resisted  the  abrasion  much  longer  than  did  a  corres- 
ponding thickness  of  the  cotton  duck  which  formed  the  body 
of  the  belt;  in  fact,  the  life  of  the  cover  represented  about 
one-half  the  life  of  the  belt,  although  forming  less  than  one- 
fifth  of  the  total  thickness. 

2.  Each  layer  or  ply  of  duck  wore  out  more  quickly  than 
the  one  preceding  it,  showing  that  the  fibers  were  cut  more 
easily  when  under  tension,  and,  of  course,  the  tension  on  each 
fiber  increased  as  the  number  of  fibers  bearing  the  tensile 
strain  diminished. 

3.  The  wear  was  greatest  in  a  line  along  the  center  of  the 
belt.  Frequently  this  part  would  be  so  quickly  destroyed  as 
to  cause  the  belt  to  split  in  two  longitudinally,  though  at  the 
same  time  the  portion  nearer  the  edges  was  almost  as  good 
as  new. 

!N'oticing  th§se  facts,  it  became  obvious  that  the  functions  of 
the  cotton  duck  should  be  solely  to  give  the  belt  tensile  strength, 
and  that  it  ought  to  be  so  protected  by  some  abrasion-resisting 
cover  that  it  would  not  be  injured  by  contact  with  the  material 
conveyed.  It  is  also  evident  that  this  protecting  cover  ought 
to  be  of  extra  thickness  over  the  center  of  the  belt,  in  order  to 
stand  the  harder  work  forced  upon  that  part.  Being  engaged 
then,  as  now,  in  rubber  manufacture,  it  w^as  a  simple  matter 
to  make  a  belt  with  a  heavy  rubber  cover  on  the  carrying  side 
and  thicker  in  the  center  than  at  the  edges. 

This  reinforced  cover  renders  the  resistance  to  wear  equal  in 
all  parts  of  the  belt,  and  although  being  merely  the  anticipa- 
tion of  a  patch,  like  the  brass  toe-cap  on  the  schoolboy's  shoe 
or  the  two-ply  seat  in  his  trousers,  it  was,  like  them,  deemed 
patentable. 

The  ideal  conveying-belt  would  be  like  the  celebrated  "  one 
boss  shay,"  which  disintegrated  so  evenly  and  completely  wdien 
its  work  was  done  that  there  was  nothing  left  to  repair  or 
regret. 

Wishing  to  ascertain  what  particular  compound  of  rubber 
would  make  the  most  durable  carrying-surface,  I  made  a  lot 
of  small  samples,  each  mixed  differently,  and  exposed  them  to 
a  very  powerful  sand-blast,  which  in  its  efit'ect  approximated  the 
conditions  to  which  the  compound  would  be  subjected  in  actual 
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use,  but  it  was  more  convenient  for  a  large  number  of  tests, 
being  much  quicker.  The  result  of  the  first  series  of  experi- 
ments indicated  what  grades  of  gum  and  what  adulterants  had 
better  be  left  out,  and  also  showed  something  that  was  very 
gratifying,  namely,  that  there  were  certain  adulterants  which 
could  be  used  in  sufficient  quantities  to  bring  the  cost  down  to 
a  reasonable  figure.  I  then  made  a  second  set  of  samples,  fol- 
lowing in  the  mixture  the  formula  used  in  the  more  successful 
ones  of  the  first  set,  but  each  new  one  was  an  attempt  to  im- 
prove upon  its  prototype.  Some  of  the  samples,  owing  to  more 
intelligent  methods  in  mixing  them,  proved  so  durable  that  the 
sand-blast  test  became  too  tedious,  and  a  more  severe  and  expe- 
ditious one  was  needed.  This  was  found  in  exposing  a  disc  of 
the  rubber  6  inches  in  diameter  by  I  of  an  inch  thick  to  a 
heavy  falling  stream  of  crushed  ore.  The  ore  averaged  about 
I  of  an  inch  in  size,  and  was  delivered  in  a  compact  and  heavy 
stream  from  the  end  of  a  very  fast-moving  belt..  The  sample 
was  so  fastened  to  a  board  as  to  receive  the  whole  stream  of 
ore  and  immediately  deflect  it.  In  this  way  the  rubber  came 
in  contact  with  200  tons  of  ore  per  hour,  of  which  each  frag- 
ment was  delivered  with  considerable  force  full  upon  it.  At 
first  it  was  easy  to  see  the  comparative  loss- of  weight  after  the 
sample  had  been  exposed  to  the  ore  for  an  hour  or  two.  In 
the  next  series  results  were  very  apparent  after  a  day's  run, 
but  later,  as  results  were  developed  which  I  was  willing  to 
accept  as  final,  it  became  necessary  to  weigh  each  disc  before 
and  after  the  exposure,  and  thus  learn  the  percentage  of  loss. 
The  figures  relating  to  the  last  set  of  compounds  are  as  follows  : 


Weight  Before 
Samples.  Test. 

in  Grammes. 

No.  154, 103 

No.  155, 140 

No.  156, 134.7 

No.  157,      - 116.7 


This  test  lasted  for  12  hours'  steady  running  under  the  con- 
ditions stated  above. 

Having  at  last  decided  upon  the  proper  compound  for  the 
carrying-surface,  I  applied  it  to  the  belts,  and  I  may  say  that 
every  belt  made  since  that  time,  which  was  in  1892,  is  in  good 


Weight 

Percentage 

After  Test. 

of  Loss. 

102.7 

.0029 

13S.9 

.0078 

132 

.0164 

113.8 

.0257 
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order  to-day.  In  many  cases,  too,  the  belts  which  they  re- 
placed had  been  completely  destroyed  in  three  months'  time 
under  exactly  similar  conditions. 


Fig.  I. 


Oldest  Method  of  Supporting  Conveying-belts. 

There  are  four  principal  methods  of  supporting  conveying- 
belts. 


Idler-pulleys,  with  Skirt-boards  added. 

First  we  will  consider  the  oldest  method,  in  which  the  belt 
lies  flat  upon  a  straight-faced,  horizontal  pulley,  as  shown 
in  cross-section,  Fig.  1,  On  account  of  the  liability  of  the 
material  to  roll  off  the  belt,  this  form  is  only  suitable  under 
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certain  conditions  {e.g.,  in  carrying  grain).  The  belt  cannot  be 
heavily  loaded,  and  the  feed  must  be  so  regulated  that  an  even 
amount  biay  be  delivered  to  the  belt  at  all  times.  If  the  mate- 
rial is  below  |-inch  in  size,  the  speed  may  be  as  high  as  300 
feet  per  minute.  In  carrying  larger  stuff  on  flat  belts  the  speed 
must  be  lower;  but  the  most  necessary  thing  is  to  keep  the  belt 
very  tight,  that  the  material  may  not  be  jarred  off  in  passing 
over  the  idler  pulleys.  This,  of  course,  increases  the  strain  on 
the  bearings,  and  from  that  fact,  together  with  their  low  effici- 
ency compared  with  systems  to  be  described  later,  we  may 
consider  flat-running  belts  as  out  of  date  for  most  purposes. 
The  second  method  (Fig.  2)  is  somewhat  like  the  flrst,  but 


Conical  Side-idlers. 


with  the  addition  of  skirt-boards  at  the  sides  to  increase  the 
capacity  of  the  conveyer. 

This  method  of  rigging  belt-conveyers  is  in  great  vogue 
among  brick-makers  and  others  who  handle  clay.  It  will  be 
easily  seen  that  the  material  must  collect  between  the  skirt- 
boards  and  the  belt,  and  that,  as  it  hardens,  it  will  cut  a  strip 
oft' each  side.  The  common  practice  is  to  start  with  a  wide 
belt,  and  move  the  skirt-boards  in  as  fast  as  these  strips  are 
cut  off.  When  the  width  is  so  reduced  as  to  render  the  con- 
veyer totally  useless,  wheelbarrows  are  called  into  play  until  a 
new  belt  can  be  procured,  and  the  entire  process  recommenced. 
This  method  is  so  entirely  bad,  that  I  refrain  from  farther  de- 
scription.    It  is  only  fair  to  say,  however,  that  the  skirt-boards 
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Best  Method  of  Supporting  Convejing-belts. 


Best  Method  of  Supporting  Belts  with  Skirt -boards. 
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fill  one  useful  purpose,  as  it  is  the  practice  of  the  men  shoveling 
into  the  helt  to  rap  their  shovels  against  the  hoards  in  order  to 
get  rid  of  the  sticky  clay.  A  hoard  for  this  purpose  can  he  ap- 
plied, however,  to  a  much  hetter  form  of  conveyer,  and  in  such 
a  way  that  it  cannot  interfere  with  the  belt.     (See  Fig.  5.) 

The  third  method  is  a  slight  imrprovemeut  upon  the  last,  in 
that  a  trough  is  made  hy  raising  the  sides  of  the  belt  instead 
of  using  boards  as  described  above.  The  conical  pulleys  used 
for  this  purpose  are  shown  in  Fig.  3. 

This  method  has  an  ob\"ious  fault,  owing  to  its  bad  design. 
By  reason  of  the  difierence  betsveen  the  two  diameters,  the  outer 
edge  of  the  pulley  goes  twice  as  fast  as  the  inner  edge.  This 
causes  a  slip  which  soon  wears  out  the  under  surface  of  the 
belt.  For  belts  not  Avider  than  14  inches  this  form  is  not  bad, 
for,  with  small  belts,  the  weiglit  on  the  pulleys  is  light,  and  the 
eftect  of  the  slipping  is  consequently  less  severe. 

The  fourth,  and  best  form  of  belt-support,  is  composed  of 
three  pulleys,  one  carrying  the  middle  or  bottom  of  the  belt, 
and  one  on  each  side  \vith  its  axis  at  an  angle  of  about  45°. 
The  shafts  of  all  three  puITeys  are  held  in  a  pair  of  combination 
bearings  which  can'  be  adjusted  to^  different  widths  of  belt.  I 
never  supply  any  other  form  of  support  for  belts  wider  than  14 
inches,  and  when  I  refer  to  troughed  belts  in  this  paper,  it  is  to 
be  understood  that  the  sides  are  raised  by  means  of  these  angle- 
pulleys,  one  common  form  of  ^\•llich  is  shown  in  Fig.  4. 

There  has  been  no  mention  hitherto  of  the  means  of  sup- 
porting the  empty  part  of  the  belt  on  its  return.  This  is  done 
by  a  single  flat  pulley  of  the  kind  shown  in  Fig.  1,  or  with 
a  pair  of  smaller  pulleys  with  an.  interval  between  them,  as 
shown  in  the  lower  part  of  Fig  4. 

It  is  sometimes  possible  to  save  money  in  constructing  a  long 
conveyer  by  combining  the  first  and  last  methods  of  belt-sup- 
port referred  to.  If  the  belt  were  run  flat  the  whole  distance, 
it  would  need  to  be  so  ^\^d(i  that  the  extra  cost  of  the  belt  would 
he  about  equal  to  the  money  saved  in  using  the  cheaper  flat 
form  of  pulley ;  but  by  placing  a  set  of  troughing  pulleys  be- 
tween every  fourth  and  fifth  set  of  flat  pulleys,  or  at  such  other 
interval  as  may  be  found  advisable,  the  load  is  so  centred  on 
the  belt  at  each  of  these  points  that  it  has  no  time  to  overflow 
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before  it  is  again  centered  between  the  next  pair.     The  use  of 
a  very  wide  belt  thus  becomes  unnecessary. 


Fig.  6. 


Method  of  Fig.  4,  with  Gmde-piflleys -added. 


Fig.  7 


Side  view,  showing  the  Proper  Position  for  the  first  Return-idler,  in  order  to 
gain  large  arc  of  contact. 

On  some  conveyers,  it  is  often  advisable  to  have  at  intervals 
a  pair  of  idlers,  running  on  a  vertical  axis,  or  inclined  inward, 
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SO  as  to  make  a  right  angle  with  the  edge  of  the  belt.  These 
will  serve  to  keep  the  belt  straight  on  the  pulleys  if  there  is  any 
tendency  to  run  toward  one  side  (See  Fig.  6) ;  but  they  are  not 
needed  with  a  good  belt  and  strong,  true  supports. 
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The  large  pulleys  at  the  end  ot  the  l)elt  should  be  slightly 
crowned  on  the  ftxce,  and  the  pulleys  should  not  be  less  than  4 
inches  wider  than  the  belt.     The  driving-pulley  ought  never  to 
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be  less  tlian  30  inches  in  diameter,  and  in  the  case  of  long  wide 
belts  48  inches  is  advisable,  as  it  allows  the  first  return  pulleys 
to  be  so  placed  as  to  give  the  belt  a  very  large  arc  of  contact  on 
the  driving  pulley.     (See  Fig.  7.) 

Whenever  it  is  possible,  it  is  better  to  have  the  driving-pul- 
ley at  the  delivering  end  of  the  belt ;  but  if  it  must  be  at  the 
receiving  end,  a  triple  set  of  pulleys  connected  by  gears  can  be 
easily  arranged,  which  renders  slipping  impossible  with  the 
longest  and  heaviest  loads.  This  scheme  was  first  used  by 
Mr.  S.  H.  Edwards,  Superintendent  of  the  Magnetic  Iron- 
Ore  Co.,  at  Benson  Mines,  New  York.     (See  Fig.  8.) 

The  proper  distance  between  the  sets  of  idler  pulleys  is  an 
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important  factor  in  the  economical  running  of  the  belt,  as  will 
be  referred  to  later.  The  troughing-pulleys  should  be  from  4 
to  6  feet  apart,  according  to  the  weight  of  the  load,  and  that 
for  the  return  belt  there  should  be  pulleys  placed  under  every 
alternate  set  of  troughing-pulleys,  which  Avould  make  the  lower 
pulleys  from  8  to  12  feet  apart. 

To  me,  one  of  the  most  wonderful  things  in  connection  with 
this  subject  is  the  exceedingly  small  amount  of  power  required 
to  move  enormous  quantities  of  material.  The  power  required, 
in  one  case,  to  run  a  conveyer,  which  carries  1000  tons  per 
day  a  distance  of  180  feet,  and  elevates  it  40  feet  while  doing 
so,  is  all  transmitted  by  a  torn  and  frayed  little  5-inch  belt, 
which  takes  its  power  from  a  pulley  on  the  shaft,  and  transmits  it 
to  a  pulley  alongside  the  head-pulley  of  the  belt.  The  power  is 
here  divided,  part  of  it  going  over  a  sprocket-chain  to  help  drive 
a  large  dumping-apparatus.  Yet  the  entire  amount  of  power 
employed  for  both  purposes  does  not  exceed  four  horse-power. 
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It  is  impossible  to  give  any  rule  for  determining  the  exact 
number  of  horse-power  required  for  conveying-belts  running 
under  diiferent  conditions,  owing  to  the  number  of  variable 
quantities  which  make  up  the  load.  One  of  the  most  important 
of  the  elements  involved  is  based  upon  the  distance  between 
the  sets  of  troughing-pulleys.  If  they  are  too  far  apart  the 
belt  sags  down  between,  which  nciaterially  increases  the  load. 
If,  on  the  other  hand,  the  idlers  are  too  near  together,  the 
extra  number  of  bearings  makes  another  sort  of  resistance  to 
be  overcome.  No  general  rule  can  therefore  be  made  by  which 
the  required  horse-power  can  be  accurately  determined. 
'  It  is  a  simple  matter  to  determine  the  necessary  belt-width 
and  speed  to  perform  certain  duty  when  the  weight  per  cubic 
foot  of  the  material  is  known.  If  the  belt  is  troughed  it  is 
safe  to  estimate  that  the  load  itself  will  cover  one-half  of  the 
belt's  total  width,  and  that  the  depth  in  the  center  will  be  one- 
quarter  of  its  own  width.  The  area  in  inches  of  a  cross  section 
of  the  load  (which  we  may  consider  an  inverted  triangle)  will 
when  multiplied  by  12,  give  the  number  of  cubic  inches  of  ma- 
terial borne  by  the  belt  on  each  running  foot  of  its  surface. 
Multiply  this  result  by  some  estimated  speed  to  get  the  quan- 
tity in  cubic  inches  that  the  belt  will  deliver  per  minute,  and 
then  reduce  this  to  the  number  of  feet,  yards,  pounds  or  tons  de- 
livered per  hour,  or  to  other  convenient  terms.     (See  Fig.  9.) 

For  example  :  To  find  the  number  of  tons  of  material  weigh- 
ing 100  pounds  per  cubic  foot  that  can  be  delivered  by  a  24- 
inch  belt  running  250  feet  per  minute : 

As  the  belt  is  24  inches  wide  we  may  safely  consider  the 
load  as  being  a  triangle  standing  on  its  apex  and  having  a  base 
12  inches  wide  and  a  height  of  3  inches.  Therefore,  the  area 
of  its  cross-section  will  be  18  inches,  and  there  will  be  18  M 
12  ^  216  cubic  inches  on  each  foot  of  the  belt.  As  the  speed 
is  250  feet  per  minute,  there  will  be  delivered  from  the  end  of 
the  belt  250  times  216  cubic  inches,  or  54,000  cubic  inches  per 
minute.  This  is  equal  to  31 J  cubic  feet  per  minute,  or  1875 
cubic  feet  per  hour,  weighing  187,500  pounds,  or  about  93  tons 
per  hour. 

To  save   some  of  the   steps  referred  to  above,  the  following 

3  A^ 
formula  may  be  used.    If  we  let  A  =^  width  of  belt,  then  — q—  == 
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number  of  cubic  inches  carried  on   each  running  foot  of  the 
belt.    If  a  belt  is  run  flat  it  will  carry  about  one-third  as  much, 

A  2  . 

or  —  •     It  is  well  to  remember  that  when  the  width  of  a  belt 

8 
is  doubled  it  will  carry  four  times  as  much  material,  and  when 
it  is  tripled  it  will  carry  nine  times  as  much. 

The  table  on  page  89  will  be  found  of  service  in  determining 
the  capacity  of  conveyer-belts. 

In  regard  to  this  table  I  wish  to  say  that  the  results  shown 
are  based  upon  a  continuous  and  even  delivery  of  fine  material 
to  the  belt.  As  this  is  often  unattainalde  in  practice  it  is  well 
to  prepare  for  uneven  and  large  pieces  and  for  irregular  feed  by 
allo^ving  a  margin  in  either  belt-width  or  speed,  the  two  factors 
which  govern  the  capacity  of  the  belt.  The  widths  of  belting 
in  most  common  use  are  22,  24  and  26  inches,  and  the  average 
speed  is  about  300  feet  per  minute.  I  am  inclined  to  favor 
higher  speeds,  especially  for  elevating  at  an  angle,  as  it  seems  to 
require  less  power  to  lift  a  small  load  at  a  high  speed  than 
the  same  amount  of  stuif  per  hour  in  a  larger  load  at  a  low 
speed.  A  good  speed  for  level  work  is  450  feet  per  minute ; 
at  an  angle  650  feet  is  not  at  all  too  fast ;  and  I  have  seen 
belts  working  smoothly  at  900  feet  per  minute  and  at  an  angle 
of  27  degrees.  Such  speed  as  this,  however,  is  hard  on  both 
the  belt  and  idlers. 

Having  decided  upon  the  proper  width  of  belting  for  the 
duty  to  be  performed  the  next  points  to  be  settled  are  the 
proper  thicknesses  for  the  belt  and  for  its  protecting  cover. 

The  following  table  shows  the  suitable  number  of  plies  for 
different  widths  of  conveying-belts  : 

Belts  20  inches  wide  and  less  should  be  4-ply. 
"     22  and  24  wide  "       "  5    " 

"     26  and  28    "  "       "   «    " 

"     30  to  36       "  "       "   8    " 

The  thickness  of  the  rubber  cover  should  be  based  upon  the 
character  of  the  stuff"  to  be  carried.  For  hard  material  weigh- 
ing over  50  pounds  per  cubic  foot  the  cover  should  not  be  less 
than  I  inch  in  thickness.  With  the  patent  reinforced  cover 
referred  to  above,  it  is  possible  to  have  this  thickness  at  the 
center  where  it  is  needed,  allowing  it  to  taper  off'  to  -^^  inch  or 


NOTES    ON    CONVEYING-BELTS    AND    THEIR    USE. 


<}1 


to 


a 


u 


92 


NOTES    OX    CONVEYING-BELTS    AND    THEIR    USE. 


I  inch  at  the  sides  where  the  work  is  ligliter.  This,  of  course, 
makes  the  cost  lower  than  if  the  same  thickness  of  cover  ex- 
tended the  whole  width  of  the  belt.  The  belt  with  the  rein- 
forced cover  referred  to  is  shown  in  Y\g.  10,  A.  There  is  now 
an  improved  form  of  this  belt  with  stiffened  edges,  which  make 
the  belt  bend  properly  at  the  center  and  preserve  its  troughed 
shape,  while  giving  it  such  firmness  at  the  edges  that  a  mere 


II. 


Fig 
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Section  showing  Delivery  of  Coarse  Material  from  one  Belt  to  another. 


touch  against  the  steering-idlers  keeps  it  running  true.  This 
stiffening  is  done  by  running  two  or  three  plies  of  duck  a  part 
of  the  way  in  from  the  edges,  giving  all  the  advantages  of  a 
heavier  belt  but  at  a  lower  cost.  This  form  will  also  be  pat- 
ented.    (See  Fig.  10,  B.) 

At  the  point  where  a  belt  receives  its  load  it  gets  as  much 
wear  as  in  all  the  rest  of  its  journey.  A  few  points  should 
be   borne    in    miiid    in    coiniection  with    this   jtart  of  the   con- 
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veyer.      The  material  should    not  be  allowed  to    drop    verti- 
caily  upon  the  belt  but  should  instead  be  so  guided  by  an  in- 


terposed chute  as  to  strike  the  belt  with  as  nearly  as  possible 
the  same  speed  and,  of  course,  in  the  same  direction  as  that^  ot 
the  belt  itself.     This  is  much  the  same  principle  as  that  which 
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causes  a  man  who  wishes  to  board  a  fast  movino;  car  to  run 
along  a  few  feet  before  jumping  upon  the  step,  except  that  in 
the  former  case  it  is  the  wear-ancl-tear  upon  the  vehicle  or  belt 
which  is  avoided  instead  of  injury  to  the  passenger. 

If  ore  or  rock  is  carried,  there  is  bound  to  be  wear  wherever 
it  totiches.  It  is  well,  therefore,  if  it  has  to  fall  any  distance  to 
let  its  force  be  broken  by  striking  first  against  an  accumulated 
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^lethod  of  Joming  tlie  Ends  of  Conveying-belts. 

pile  of  itself  and  then  roll  oii  on  to  a  chute,  whence  it  may 
slide  quietly  upon  the  belt  and  not  move  until  it  reaches  the 
end  of  its  journey.  See  Fig.  11,  which  shows  the  device  in  use 
at  the  N.  J.  and  Penn.  Concentrating  Works,  Edison,  New 
Jersey. 

The  chute  should  be  made  of  cast-Iron  with  sides,  and  should 
be  so  wide  that  the  ore  or  other  metal  cannot  get  jammed,  as  it 
is  very  apt  to  do.  The  objection  to  a  wooden  chute  is,  that  the 
broken  stone  or  ore  does  not  slide  properly  upon  it,  but  runs 
down  in  a  succession  of  jumps,  that  are  as  apt  as  not  to  carry  it 
over  the  side  of  the  chute  or  off  the  belt. 
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A  device  is  shown  in  Fig.  12  for  loading  a  belt  under  a 
crusher,  from  which  falls  both  coarse  and  iinc  stuff.  The  line 
A  represents  a  grizzly  or  screen  of  iron  bars  which  allows  noth- 
ing larger  than  1  inch  to  go  through.  The  small  stuff  slides 
down  the  chute,  B,  and  forms  a  bed  on  the  belt  to  protect  it 
from  the  impact  of  the  heavier  pieces. 

There  are  many  ways  of  joining  the  ends  of  carrying-belts, 
the  most  common  being  by  the  use  of  metal  belt  hooks  consist- 
ing of  a  set  of  teeth  cast  together  with  a  metal  back.  These 
have  to  be  destroyed  if  the  belt  needs  taking  up,  and  a  better 
plan  is  shown  herewith  in  Fig.  13.  The  thin  steel  plates  are 
laid  upon  a  strip  of  thin  leather  or  canvas  which  covers  the 
opening  in  the  l)elt  and  thus  prevent  leakage.  Staples  are 
driven  through  the  holes  in  the  plate  and  clinched.  In  break- 
ing the  joint  the  staples  are  easily  cut  with  a  cold  chisel  but 
the  plates  themselves  can  be  used  an  indefinite  number  of  times. 

The  simplest  method  of  lubricating  the  bearings  is  by  means 
of  compression  grease  cups  which  are  dust  proof  and  very  eco- 
nomical. They  are  screwed  into  the  ends  of  hollow  shafts  and 
a  man  without  stopping  can  give  the  handles  a  turn  as  he  walks 
along  the  belt,  and  this  only  has  to  be  done  once  a  day  at  most. 
Grease  costing  about  four  cents  a  pound  is  generally  used. 

Some  of  the  purposes  for  which  conveying-belts  are  used  are 
the  carrying  of  trap-rock  and  limestone  in  stone-crushing 
plants,  charcoal  anil  ashes  in  sugar-refineries,  ore  in  concen- 
trating-plants  and  mines,  ore,  fuel  and  fiux  in  smelters,  earth 
and  stone  in  large  excavations,  blocks  and  logs  of  wood  in 
pulp-mills,  clay  in  brick-yards,  moulding-sand  in  foundries,  coal 
in  breakers,  yards,  large  power-plants  and  culm-piles,  tobacco 
in  process  of  manufacture,  customers'  packages  in  large  retail 
stores,  grain  in  elevators  and  fiour-mills,  boxed  goods  in  coft'ee- 
mills,  phosphate-ore  in  the  southern  mines  and  chemical  fertil- 
izer in  plants  all  over  the  country.  These  are  oidy  a  part  of 
their  uses,  but  the  list  of  other  purposes  for  which,  though'  not 
employed,  they  are  equally  suited,  and  must  some  day  be 
applied,  would  be  a  very  much  longer  one. 

Belts  generally  cost  les's  to  install  than  any  link-belt  or  other 
metal  conveyer ;  and  the  cost  of  maintenance  is  so  much  less 
that  there  is  simply  no  comparison  between  them.  In  addition 
to  this,  they  run  noiselessly,  instead  of  making  a  perpetual  and 
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deafening  racket,  and  no  owner's  ears  can  become  oblivious  to 
a  banging  and  crashing  of  which  every  vibration  means  wear 
and  depreciation,  as  well  as  loss  of  power. 

You  may  say,  "  If  this  belt  method  of  conveying  is  all  that 
this  man  claims,  why  hav'nt  we  heard  more  about  it  ?  Why 
isn't  it  used  more  widely?"  My  answer  is  this :  The  various 
systems  of  sprocket-chain,  metal-pan,  trough-  and  screw-con- 
veyers and  the  over-head  cable-systems  have  all  been  owned  by 
manufacturing  concerns  who  make  them  known  by  advertising, 
undertake  their  construction  and  installation,  and  guarantee 
them.  As  to  conveying-belts,  no  fundamental  patent  on  the 
principle  could  be  secured ;  and  because  a  belt-conveyer  is  com- 
posed of  two  parts  which  are  about  equal  in  value  and  the  pro- 
ducts of  entirely  separate  kinds  of  manufacture  (I  refer  to,  first, 
the  iron  pulleys  and  other  supporting  parts  and  second  to  the 
belt  itself),  no  iron  man  felt  like  pushing  the  sale  of  a  conveyer 
when  he  knew  that  some  rubber  manufacturer  would  share 
equally  in  the  profits,  and  the  rubber  man  would  doubtless  have 
felt  the  same  if,  with  his  less  extensive  knowledge  of  ma- 
chinery, the  thought  ever  occurred  to  him  at  all.  And  so, 
between  them,  the  belt-conveyer  has  been  neglected  except 
where  its  merit  compelled  the  recognition  of  a  few  wide-awake 
and  self-reliant  engineers.  It  has  been  the  property  of  no  one. 
Nobody's  living  depended  upon  its  exploitation.  It  was  to  the 
interest  of  no  one  to  stand  sponsor  for  it;  to  develop,  push  it 
and  perfect  it.  There  are  no  data  published  about  it,  and  each 
man  who  uses  it  to-day  is  practically  the  inventor  of  his  own  ap- 
paratus, which  he  has  brought  to  its  present  state  only  after  an 
expensive  and  vexatious  experience.  If  an  engineer  to-day  has 
a  conveying-problem  to  solve  and  the  thought  of  a  belt  occurs 
to  him,  immediately  after  come  the  questions  :  What  kind  of 
a  belt  ?  What  width  ?  How  should  it  be  run  ?  On  what  ? 
At  what  speed  ?  Where  can  I  find  out  ?  Being  unable  to 
answer  any  of  these  questions,  and  not  caring  to  try  experi- 
ments, his  natural  inclination  is  to  state  his  needs  to  the 
well-known  manufacturers  of  conveying  apparatus  and  make 
a  contract  with  one  of  them,  thereby  shifting  the  responsi- 
bility as  soon  as  possible.  The  load  of  responsibility  is  appa- 
rently charged  for  along  with  the  apparatus,  but  even  the 
high  price  of  the  latter  contains  no  suggestion  of  the  great 
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and  coutiniial  expense  inenrrcd  in  running  and  keeping  it  in 
order. 

I  do  not  wish  to  appear  as  condemning  universally  the  use 
of  all  metal  conveyers,  for  there  are  indeed  some  conditions  for 
which  they  are  better  suited  than  are  belt-conveyers.  I  may 
mention,  for  instance,  places  where  the  point  of  delivery  must 
be  constantly  and  quickly  changed.  With  iron  conveyers  this 
is  accomplished  by  the  removal  of  a  section  of  the  iron  trough, 
while  a  belt  requires  a  movable  frame-work  containing  two  pul- 
leys. This  dumping-apparatus  can  be  moved  to  any  point 
in  the  belt's  length,  but  it  is  neither  as  cheap  in  construction 
nor  as  quick  in  operation  as  the  plan  adopted  with  metal  con- 
veyers. 

Nor  do  I  condemn  the  great  ingenuity  which  has  made  pos- 
sible even  the  j^ooi'  performance,  by  metal  conveyers,  of  duties  for 
which  by  their  very  nature  they  are  unfitted.  That  is  business, 
I  only  want  to  show  that  there  are  many  places  where  other 
conveyers  are  now  used  for  which  belts  could  be  substituted 
with  economy. 

The  other  day  a  man  pointed  to  what  he  called  a  "  real  con- 
veyer," which  was  dragging  and  scraping  its  load  along  (and 
apparently  protesting  against  its  own  design  and  unfitness  for 
the  task),  and  observed :  "  Oh,  this  does  the  work  cheap 
enough."  It  maybe  cheap,  compared  with  manual  labor;  but 
it  seems  to  me  that  with  the  competition  of  the  present  day 
nothing  is  cheap  enough  if  there  is  anything  cheaper.  The 
object  of  these  notes  and  sketches  is  to  facilitate  the  use  of  belt- 
conveyers.  I  have  gone  into  details,  in  order  that  any  one  who 
wishes  to  do  so  may  construct  a  conveyer  suitable  for  his  needs. 
If  there  are  any  points  which  need  to  be  simplified  I  shall  be 
very  glad  to  explain  them  to  any  member  of  the  Institute  who 
will  Avrite  to  my  Js^ew  York  address,  71  Lexington  Avenue. 


Copper-Ores  in  the  Permian  of  Texas. 

BY  E.    J.    SOHMITZ,    NEW  YORK  CITY. 

(Pittsburgh  Meeting,  February,  1896.) 

The  existence  of  copper-ores  in  the  Permian  measures  of 
Texas  has  long  been  known,  and  these  ores  have  been,  from 
time  to  time,  the  object  of  geological   researches  and  mining 
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developments.  The  most  important  of  tliese  efforts  was  made 
about  ten  years  ago  by  the  Grant  Belt  Copper  Company  of 
Texas,  but  it  ended,  after  several  years  of  fruitless  labor,  with  an 
entire  failure. 


Fig.  I 


Section  on  line  B.C. 
I  Sandstone 


2  ft.  hard  Sandstone 

T    2  ft.  softer  Sandstone  (slaty) 


Gray  to  dark 
bituminous 
Olay  Slate 


Bottom  of  Gully 
Section  at  Face  A. 


Pocket  of  Ore 
under  Sandstone  , 


Pocket  of  Ore 

under 

Sa.nd8tone 


Cupriferous  Clay  Slate 


ISBCLL  LtAO 


The  ore  appears  principally  in  two  zones  of  the  IV-rmian 
rocks,  namely,  the  Red  River  zone  in  the  counties  of  Archer, 
Wichita,  Montague,  Hardeman  and  Wilbarger,  and  the  Brazos 
River  zone  in  the  counties  of  Haskell,  Baylor,  Stonewall  and 
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Knox.  Tlie  above-meutioncd  coinpany  prospected  mfiinly 
through  Hardeman,  Haskell,  Knox  and  Wilbarger  counties. 

From  information  collected  by  me,  it  seems  that  the  geologi- 
cal adviser  of  the  company  assumed  the  copper-ore  (or  at  least 
the  copper)  to  be  of  plutonic  origin,  and  was  directing  his  efforts 
towards  the  depths  for  the  mother-lodes  or  deposits.  The  dia- 
mond drill  was  employed  for  this  purpose,  and  at  one  point,  in 
Knox  county,  a  hole  was  sunk  to  the  depth  of  1000  feet.  How 
an  engineer  could  conceive  the  idea  that  these  copper-ores  of 
the  bedded  Permian,  which  is  bare  of  all  plutonic  lodes,  dikes 
or  intersections,  must  be  of  eruptive  origin,  is  rather  hard  to 
understand.  I  have  been  told  that  indurated  water-nvorn  clay, 
mistaken  for  volcanic  scoria,  suggested  or  supported  the  hy- 
pothesis. 

The  Permian  copper-ores  appear  in  several  horizons,  and 
there  exist  two  such  horizons  in  each  of  the  above-mentioned 
zones.  In  the  Red  River  district,  the  lo-u^er  horizon  is  reported 
near  Belcher,  in  Montague  county.  It  belongs  to  the  lowest 
Permian,  and  lies  not  much  above  the  line  of  contact  with  the 
underlying  Coal-Measures.  The  upper  horizon  of  the  Red 
River  district  is  represented  in  Archer  and  Wichita  counties,  etc. 

The  lower  copper-horizon  of  the  Brazos  River  zone  appears 
in  the  counties  of  Haskell  and  Baylor,  and  the  upper  horizon  in 
Stonewall  county,  etc. 

It  should  be  remembered  here  that  these  horizons  are  not 
sharply  bound  to  one  continuous  stratum  or  to  the  same  level, 
as  will  easily  be  understood  from  the  fact  that  the  stratification 
of  the  Permian  measures  is  somewhat  irregular  and  non-per- 
sistent, and  that  the  beds  change  rather  abruptly. 

Of  the  above-mentioned  zones,  that  of  Archer  county,  etc., 
is  one  of  the  most  developed,  and  has  been  considered  as  one 
of  the  most  promising  territories ;  and  having  had  occasion  to 
investigate  this  district  on  a  short  trip  during  last  summer,  I 
hereby  lay  the  principal  results  before  the  Institute. 

The  face  of  the  country  is  very  level,  showing  only  small 
differences  between  the  flat  land  and  low  hills,  and  the  low 
bluffs  (never  more  than  100  feet  high)  of  the  ravines  and  beds 
of  Wichita  river  and  its  branches ;  the  latter  being  princi- 
pally the  results  of  erosion  during  the  wet  season,  while  other- 
wise mostlv  drv. 
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The  Permian  measures  consist  of  comparatively  soft  sand- 
stones, clay-slates,  clays,  comparatively  soft  conglomerates  and 
marls.  The  occurrences  of  copper-ore  are  scattered  over  a 
large  area  of  Archer  and  Wichita  counties,  and  the  ore  of 
Archer  county  appears  principally  in  the  marls  and  clay-slates 
as  pseudomorph  after  wood  (cuprified  branches  of  trees,  to  a 
thickness  of  several  inches  in  diameter),  and  as  larger  or  smaller 


Fig.  2 


Section  at  Ball  Mine 


nodules  (up  to  4  or  6  inches  in  diameter),  most  or  all  of  which 
are  of  fossiliferous  origin. 

Copper-ore  is  found  also  in  irregular  amorphous  masses,  in- 
termixing with  and  impregnating  the  marl  or  clay-slate.     In  a 


Section  at  No.2 


^Little  Ore 
^  (^washed  from 
above 


Still  Clay  Slate  ancTGlay  with  a  little 
Wash  Ore  from  Pocket  above 


Plan  and  Section  1  Mile  N-C.  of  IsbellTunncl 

third  form  it  occurs  "  as  numerous  small  pebbles  in  a  hardened 
cupriferous  marl-conglomerate."  And,  finally,  I  found  such 
nodules  of  copper-ore  seated  in  hardened  clay-slate  and  even  in 
sandstone. 
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The  copper-ore  consists  principally  of  green,  blue  and  dark 
silicates  and  carbonates  of  highly  varying  percentage.  The 
cnpriiied  wood  runs  mostly  high  in  copper,  generally  between 
20  and  60  per  cent.,  and  the  same  is  true  of  the  nodules. 
AVhen  impregnating  or  intermixed  with  the  clay  and  marl,  the 
ore  mostly  contains  less  than  20  per  cent,  of  copper;  so  does 
the  conglomerate,  etc. 

No  matter  in  Avhat  form  the  ore  appears,  it  shows  always 
its  neptunic  origin.  The  pseudomorphs  of  wood,  as  well  as 
the  nodule-ores,  occur  in  entirely  separate  and  distinct  pieces 
of  irregular  form,  and  are  scattered  irregularly  through  the 
clay  or  marl  matrix,  forming  nests  or  pockets  of  uncertain  ex- 
tent and  size.  The  ore-occurrences  in  the  conglomerate-marl 
and  the  cupriferous  clays  all  show  decided  pocket-form,  and 
give  indisputable  evidence  of  the  origin  of  the  copper-ores  by 
precipitation  during  the  deposition  of  the  copper-bearing 
stratum,  or  by  replacement  and  metamorphosis  shortly  after 
the  deposition  of  the  strata. 

1.  The  Ishell  Lead. — The  so-called  Isbell  lead  is  located  al)out 
7  miles  northwest  of  Archer  City.  The  lead  consists  of  a  num- 
ber of  scattered  copper-ore  pockets  and  deposits  which  have 
been  developed  along  the  escarpment  of  a  low  hill  and  blufl*, 
which  follows  a  pretty  uniform  direction.  The  name  "  lead  " 
may  have  been  derived  from  the  latter  feature.     See  Fig.  1. 

The  ore  occurs  mostly  as  pseudomorph  after  wood  or  as 
irregular  lumps  of  the  dark  and  green  silicates.  It  has  its 
seat  in  a  stratum  of  slightly  bituminous  clay-slate  and  marl. 
The  ore  appears  also  directly  under  and  closely  connected  with 
the  cap-rock,  a  sandstone,  and  small  portions  of  the  clay-slate 
and  marl  are  also  cnpriferous.  Of  the  old  tunnels  and  shafts 
of  the  Isbell  lead,  ore  Avas  reported  in  the  Isbell  tunnel  only; 
and  I  observed,  after  clearing  out  that  tunnel,  one  small  pocket 
of  about  5  pounds  of  ore  in  the  right  corner  of  the  face,  and 
another  smaller  one  of  perhaps  2  pounds,  about  8  feet  l)ack 
from  the  face  of  the  tunnel  and  directly  under  or  partly  in  the 
hanging-wall.  In  the  lower  part  of  the  face  I  noticed  a  pocket 
of  cupriferous  clay-slate  of  about  10  to  12  inches  in  width,  6  to 
7  inches  in  height,  and  1  to  6  inches  tliiek.  Donbtless  several 
other  little  pockets  along  the  walls  of  the  tunnel  escaped  my 
observation,  as  the  walls  had  not  been  entirely  refaced. 
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At  face  A,  Fig.  1,  I  opened  a  little  pocket  of  high-grade  ore, 
wliich  produced  32  pounds  of  ore  from  a  space  2  feet  2  inches 
in  height,  2  inches  in  width,  and  1  foot  6  inches  in  thickness. 
An  examination  of  the  hluffs  about  40  feet  north  and  northeast 
of  A  found  no  ore,  neither  at  face  B  nor  at  C.  (See  section  on 
line  BC,  Fig.  1.) 

The  measures  (clay-slate,  etc.),  cut  at  C,  represent  the  same 
horizon  and  position  as  those  in  which  the  copper-ore  pockets 
are  found  at  A,,  and  in  the  Isbell  tunnel ;  and  the  ore  would 
also  be  found  at  face  C,  if  it  were  continuous  and  persistent  in 
the  bed  of  clay-slate  and  marl. 

The  general  dip  of  tli«  measures  is  slightly  ^,W. 


Fig.  4 


Of  reddish  clay-slate  ;  b,  reddish  clar,  iron- 
ore,  etc.  ;  c,  iron  ore  in  larger  quantities,  per- 
centage of  iron  up  to  40  ;  partly  conglomeritic  ; 
d,  some  blue  slate,  occasionally  1  foot ;  the  rest 
reddish  clay-slate,  and  conglomeritic  iron-ore, 
etc. ,  at  the  bottom,,  carlxinate  ;  e,  reddish  sand- 
stone. 


AboutlOft. 


Section  about  a  Half  Mile 
s.  e.  of  isbclltunncl 


2.  TTie  Ball  Mine. — ^The  so-called  Bull  mine  is  from  |  to  | 
mile  W.N.W.  of  the  Isbell  tunneL  The  locality  lies  along  the 
break  of  an  anticlinal,  and  in  the  center  are  a  number  of  old 
openings.     See  Fig.  2, 

The  ore  appears  also  in  a  stiftV  gray,  white  to  dark  bitumin- 
ous clay-slate  or  marl  as  at  the  Isbell  tunnel.  The  ore  consists 
here  principally  of  nodules  and  nuggets.  A  test/-pit,  3  feet  8 
inches  in  length,  2  feet  6  inches  in  width,  and  the  same  in 
depth,  sunk  in  the  center  on  the  crest  of  the  anticlinal  into  the 
clay-slate,  produced  8|  pounds  of  good  ore,  and  as  about  one- 
third  of  the  nuggets  and  nodules  may  have  escaped  my  atten- 
tion, I  may  safely  say  that  the  above-mentioned  space  of  23 
cubic  feet  produced  10  pounds  of  ore,  which  is  not  quite  | 
ytound  to  1  cubic  foot. 
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During  a  former  period  of  clevelopment  a  trench  had  ))een 
cut  across  the  anticlinal  (W.S.W.  to  E.N.E.),  but  not  quite  to  the 
bottom  of  the  copper-bearing  clay-slate,  which  is  over  3  feet 
thick,  and  I  could  find  nuggets  of  ore  scattered  here  and  there 
for  the  whole  length  of  the  trench,  about  40  feet.  I  also  noticed 
scattered  signs  of  the  ore  for  about  150  feet  in  a  S.E.  direction 
in  the  clay-slate  until  the  same  is  covered  by  the  sandstone ; 
but  my  examination  of  the  matrix  to  the  N.W.  (W.N.W.  and 
W.S.W.)  for  over  J  mile  detected  no  ore. 

Among  the  copper-bearing  clay-slates  brought  from  the  test- 
pit  I  noticed  a  few  fragments  of  rock,  which  apparently  do  not 
belong  in  this  Permian  clay-slate,  and  which  may  come  from 
older  formations.  If  such  an  origin  was  proved,  it  might  be 
considered  as  a  point  in  favor  of  the  theory,  held  by  some,  that 
these  copper  nodules  or  nuggets  are  the  result  of  a  drift  from 
older  formations  and  a  redeposition  in  the  Ptermian  strata. 
But  these  rock  fragments  occur  so  seldom,  and  the  proofs 
against  the  drift-theory  are  so  overpowering,  that  we  may  dis- 
miss the  matter  without  further  consideration. 

3.  The  Winn  Pochet  or  Deposit. — This  opening  is  from  ^  to  J 
mile  S.S.W.  from  the  Ball  mine.  Hej-e,  also,  the  ore  appears  in 
a  bed  of  marl  or  clay-slate  capped  by  sandstone,  which  has  been 
removed  in  a  canyon  along  a  local  anticlinal.  Is[ext  under  the 
sandstone  lies  a  marl-conglomerate,  and  below  this  the  ore-bear- 
ing stratum  which  resembles  more  a  marl  than  a  clay-slate. 
Only  the  gray  to  dark  varieties  of  the  clay-slate  or  marl  here, 
as  in  the  other  localities  already  mentioned,  carry  ore,  while  the 
red  clay-slate  and  clay  have  no  ore.  At  the  Winn  locality 
the  reddish  matrix  forms  about  90  per  cent,  of  the  marl-bed, 
so  that  only  10  per  cent,  of  the  beds  are  copper-bearing. 

4.  The  Elm  Spring  District. — Around  Elm  Spring,  which  is 
about  h  mile  west  from  the  Winn  locality  and  about  1\  miles 
S.W.  or  W.S.W.  from  Isbell  tunnel,  we  have  apparently  the 
same  horizon  of  the  Permian  as  at  the  other  localities  already 
described.  Elm  Spring  comes  from  a  clayey  marl  schist  capped 
by  sandstone.  The  marl  schist  is  a  grayish-white  material  at 
the  spring,  and  changes  along  the  eroded  bluff  more  to  a  clay- 
slate  of  gray,  white,  and  reddish  color.  But  no  copper  could 
be  detected  either  in  the  clay  slate  or  in  the  marl-schist. 

Some  copper-ore  was  collected  from  a  mixed  white  and  dark 
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clay-schist  opened  by  some  old  diggings  about  J  mile  N.E.  from 
the  Spring.     It  is  principally  nugget-ore. 

And  about  2  miles  IST.W.  another  outcrop  of  a  small  pocket 
appears  in  a  bluish-white  and  dark  clay  under  sandstone.  A 
few  copper-ore  nuggets  and  pieces  of  sandstone  crustified  by 
green  carbonate  were  observed. 


Fig.  5 


About  10  ft 


a,  sandstone  ;  b,  dark  marl  or 
clay  ;  c,  sandstone  ;  d,  gray,  white 
and  dark  marl,  the  seat  of  copper 
nuggets  ;  e,  reddish  clay,  contain- 
ing conglomeritic  siderite ;  /, 
mostly  red  clay  and  conglomeritic 
siderite;  g,  debris. 


Plan  an^d  Section  on  Kerr-s  farm  i 


5.  Other  Localities  near  Isbell. — The  sections  in  Fig.  3  show 
the  Permian  with  the  upper  copper-ore  horizon  at  a  locality 
about  1  mile  N.E.  from  the  Isbell  tunnel.  This  locality  is  be- 
tween the  North  and  Middle  fork  of  Wichita  river  near  the 
road  to  East's  farm.  Examining  the  clay-slate  along  the  bluff 
I  observed  two  ore-pockets  between  points  No.  1  and  No.  2, 
but  no  ore  between  No.  2  and  No.  3.  The  pockets  near  No.  1 
and  No.  2  indicate  from  200  to  500  pounds  of  good  green  ore. 

From  the  above-mentioned  locality,  about  \  mile  S.E.,  and 
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again  for  500  feet  at  a  point  about  i  mile  south  to  S,W.,  I 
examined  the  blutfs  20  to  30  feet  in  height  along  the  canyon, 
finding  in  both  cases  large  clay-slate  and  marl  below  the  cap- 
rock,  but  no  sign  of  copper-ore.  About  |  mile  S.W.  the  bluft's 
have  the  section  shown  in  Fig,  4,  and  a  height  of  about  30  feet. 
Here  I  noticed  over  a  space  of  about  30  by  15  feet  a  large  num- 
ber of  rounded,  conglomerate,  and  flinty  concretions,  aTuount- 
ing  to  several  tons,  which  Avere  slightly  cupriferous,  but  no 
good  copper-ore  was  seen,  nor  was  there  any  regular  deposit  of 
copper-ore.  We  are  here  about  J  to  |  mile  S.E.  or  E.S.E.  of 
the  Isbell  deposits. 

The  capping  sandstone  is  missing  at  the  section  of  Fig.  4, 
although  we  have  here  the  same  horizon  as  at  Isbell,  and  the 
rounded  concretions  come  about  from  level  F. 

In  this  locality  Permian  fossils  (vertebrates  and  coprolites) 
are  abundant. 

About  2J  miles  west  of  Isbell  workings  and  about  1  mile 
N.W.  of  Elm  Spring  I  obtained  the  following  section  along 
the  bluft': 

1.  Sandstone,  lower  part  slaty,  2  feet. 

2.  Gray,  bituminous  clay-slate  and  marl,  seat  of  the  copper 
ore,  2  feet. 

3.  Purple  sandstone  with  rounded  edges,  about  3  feet. 

4.  Variegated  clays,  containing  siliceous  concretions  and  si- 
derite,  about  25  feet. 

In  the  debris,  which  covered  the  flat  slopes  or  sides  of  the 
blufl'  and  near  the  bottom,  I  found  some  samples  of  copper-ore 
which  had  been  washed  from  above,  and  must  have  come  from 
No.  2,  although  I  could  detect  no  ore  outcropping  in  No.  2 
along  the  face  of  the  bluft*.  No.  2  is  the  same  bituminous 
clay-slate  as  that  observed  at  the  Isbell  and  the  Ball. 

A  short  distance  N.W.  from  the  last  section  I  found  the  cap- 
ping sandstone  remov^ed  from  the  clay-slate  for  an  area  of  about 
300  by  300  feet,  by  reason  of  a  little  anticlinal  break  in  the 
formation.  The  break  runs  N.W.  to  S.E.,  and  the  underlying 
clay-slate  was  considerably  weathered  and  washed  and  showed 
a  large  number  of  ore-nuggets  scattered  over  this  exposed 
area,  and  of  which  about  ^th  to  2^^^  ^^'^^  covered  with  them. 
It  is  also  possible  that  this  ore  continues  under  the  cap-rock  for 
some  distance.     So  far  as  could  be  seen,  the  locus  of  the  ore  is 
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principally  in  the  upper  stratum  of  the  bituminous  clay-slate, 
but  also  to  some  extent  in  the  lower  (slaty)  part  of  the  cap-rock. 
About  1^  miles  S.E.  of  this  locality,  i.e.,  about  J  mile  S.E. 
of  Elm  Spring,  I  noted  the  following  section : 

1.  Ledge  of  capping  sandstone,  about  10  feet. 

2.  Mixture  of  conglomerate  iron-ore  and    rounded  quartz- 
concretions  in  clay-slate  or  clay,  25  to  30  feet. 

3.  Mostly  red  clay,  25  to  30  feet. 


Fig.  6 


6-10  ft, 


Conglomerate  Marl 
\  containingCopper-ore 


About  5  ft.       Spring  /Gray  and  dark  Marl  and  Clay 


About  30  ft. 


About  10  ft. 


—  ^o* 

'\^  Claysj  Marls,  Clay  Slate  and  Shale 


Plan  and  Section  of  Bluff  at  Spring  Mountain,  Texas. 


Under  this  came  the  floor  of  a  little  valley,  limiting  the 
rock-exposure. 

An  examination  made  for  about  ^  mile  along  the  bluff  de- 
tected no  copper  ore. 

6.  Copper-Ore  Pockets  mi  Judge  Kerr's  Farm. — The  territory 
examined  on  this  farm,  2J  miles  E.S.E.  from  Archer  City,  on 
the  road  to  Windhorst,  is  shown  in  Fig.  5.  At  A  in  the  plan 
I  observed  an  excellent  showing  of  green  copper-ore,  pseudo- 
morph  after  wood,  located  in  the  whiti8h-l)lue  to  dark-gray 
clays  under  the  middle  sandstone  (at  d)  of  the  section.     It  ap- 
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pears  along  the  face  of  the  bUiff  in  the  same  degree  as  the 
inarl  weathers  and  washes  down.  As  ah-eady  observed,  I 
found  a  good  showing  of  ore  at  A  along  the  bluff;  yet  I  have 
been  informed  from  trustworthy  sources  that  all  the  visible  ore 
had  been  picked  up  along  there  only  two  years  ago,  so  that  the 
ore  now  apparent  conies  from  that  portion  of  the  bluft-face 
which  has  weathered  since.  The  copper-ore  of  the  pocket  at 
A  covers  about  y^^th  to  -j-g-u^h  of  the  surface.  At  E  in  the 
same  plan  the  marl  was  found  to  be  slightly  cupriferous  for 
several  square  yards  along  the  face  of  blult. 

I  observed  also  several  samples  of  iron-ore  (siderite)  coming 
from  the  clay  below  the  copper-bearing  marl,  which  also 
showed  the  pseudomorphous  form  of  wood,  like  the  copper 
ore.  This  fact  indicates  an  analogous  formation-process  for 
both  ores  under  similar  conditions,  the  iron-ore  from  iron- 
solutions  and  the  copper-ore  from  copper-solutions. 

7.  Sjyriuff  3Iountain, — The  third  form  in  which  copper-ore 
appears  in  the  Texas  Permian,  namely,  as  cupriferous  marl- 
conglomerate,  can  be  observed  in  the  Spring  Mountain  locality, 
which  is  about  2  miles  S.W.  from  Ardeu.  The  cuprilcrous 
marl-conglomerate  lies  under  a  capping  sandstone  (see  Fig. 
6),  and  could  be  observed  along  the  bluff  of  Spring  Mountain 
for  over  100  paces,  from  A  to  B  C  The  richest  pocket  of 
cupriferous  marl  appeared  near  A  at  the  south  end  of  Spring 
Mountain.  It  had  an  extent  of  about  60  paces,  and  the  copper- 
ore  percentage  amounted  to  from  3J  to  5  per  cent,  or  more  of 
the  total  mass  of  cupriferous  marl.  The  depth  into  the  moun- 
tain could  not  be  ascertained,,  but  may  have  been  60  to  100 
feet.  The  copper  pebbles  consist  of  siliceous  green  and  dark 
carbonates,  and  are  mostly  very  small,  from  |  to  |  inch  in  di- 
ameter.    Dip  of  formation  is  slight,  and  runs  from  N.E.  to  S.E. 

My  examination  along  the  road  from  Spring  Mountain  to 
Arden  had  very  scanty  results.  Only  a  few  samples  of  highly 
siliceous  copper  concretions  could  be  discovered  along  the 
bluffs  in  an  observation  extending  1  mile  or  more. 

Resume. 
The  territory  examined  around  the  so-called  Isbell  lead  ex- 
tends about  1^  miles  east  and  3  miles  west  of  Isbell  and  about 
li  miles  north  and  1|  miles  south,  therefore  east  and  west  4| 
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miles  and  north  and  south  about  3  miles.  Copper-ore  was  ob- 
served in  this  district  in  at  least  10  different  localities,  in  the 
forms  of  pseudomorphs  of  wood,  of  nuggets,  or  nodules,  and  as 
cupriferous  marl  or  clay-slate  and  clay.  The  ore  appears  always 
in  irregular  pockets  of  uncertain  position  in  clay-slate  and  marl 
of  highly  variable  thickness;  but  this  clay-slate,  etc.,  and  the 
whole  series  of  Permian  measures  inclosing  the  said  clay  slate 
and  marl  matrix  belong  undoubtedly  in  the  same  geological 
horizon. 

In  the  localities  2  miles  south  of  Archer  City  we  have  the 
copper-ore  in  the  clay-slate  and  as  cupriferous  marl-conglom- 
erate, both  apparently  of  the  same  geological  horizon  with  the 
deposits  around  Isbell. 

The  ore  in  the  Texas  Permian  has  this  in  common  with  the 
ore  of  the  Kiqiferschiefer  in  the  German  Permian  (Mansfeld 
district),  that  they  both  occur  principally  in  a  bituminous  clay- 
slate  and  marl ;  but  while  the  copper-ores  of  the  former  occur 
prevailingly  as  separate  pieces,  nuggets  and  nodules,  collected 
or  grouped  to  irregular  pockets  or  deposits,  the  copper-ore  of 
the  Kupferschkfer  is  concentrated  in  one  continuous  thin  layer 
of  that  formation.  Moreover,  the  copper-ores  of  the  Texas 
Permian  are  principally  carbonates  and  silicates  or  siliceous 
carbonates;  while  those  of  the  German  Permian  are  mostly 
sulphurets,  deposited  in  very  fine  particles. 

But  somewhat  similar  conditions  must  have  existed  during 
the  process  of  deposition  in  both  formations. 
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BY  DONALD  M.  D.  STUART,  P.G.S.,  REDLAND,  BRISTOL,  ENGLAND. 

(Pittsburgh  Meeting,  February,  1890.) 

It  gives  me  great  pleasure  to  accept  the  invitation  I  had  the 
honor  of  receiving  through  the  Secretary  of  the  Institute,  to 
reply  to  the  criticisms  made  in  discussion  of  the  theory  ad- 
vanced in  my  work  entitled,  Coal-Dust  an  Explosive  Agent;  and 
to  lay  before  the  Institute  a  further  statement  of  the  views 
which  investigations  have  led  me  to  form  upon   this  subject, 
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pul)li8li(?d  in  my  seeoud  book,  entitled,  The  Origin  and  Rationale 
of  Colliert/  JExplosions. 

I. — Rerly  to  Criticisms. 

From  the  report  of  the  discussion^upon  the  first  book*  I  find 
tliat  Dr.  David  T.  Day,  and  Messrs.  "W.  F.  Durfee  and  William 
Kent  felt  some  difficulty  in  accepting  my  statement,  that  there 
Avas  not  an  appreciable  quantity  of  carbon  dioxide  in  the  pro- 
ducts of  the  explosions  at  the  Camerton  collieries. 

Dr.  Day  said  (p.  909) : 

"  But,  as  a  matter  of  fact,  carbonic  acid  may  have  been  present  in  considera- 
ble quantity,  escaping  notice  because  it  was  not  carefully  looked  for.  The  only 
evidence  of  its  absence  is  the  fact  that  there  was  not  enough  to  extinguish  the 
lights  of  the  exploring  party,  several  hours  after  the  explosion.  The  statement 
as  to  the  absence  of  carbonic  acid  is  therefore  not  well  founded  ;  and  this  is  dis- 
appointing after  the  laborious  citations  of  authorities  on  heat  phenomena,  gun- 
powder explosions,  etc." 

Mr.  Durfee  agreed  with  Dr.  Day's  general  conclusions,  and 
Mr.  Kent  remarked  (p.  914)  : 

"  I  think  it  a  sufficient  theory  to  suppose  that  the  solid  coal  was  distilled  into 
hydrocarbon  gas,  ....  that  these  hydrocarbons  were  burned  in  the  ordinary 
way  into  carbonic  oxide  or  carbonic  acid,  and  that  one  or  the  other  of  these 
gases  must  have  been  there,  although  it  was  not  found." 

Again  (p.  916) : 

"  The  attempt  to  discover  CO.;,  does  not  appear  to  have  been  made  until  eight 
hours  after  the  explosion  (p.  62),  the  full  force  of  the  intake  current  liaving  been 
directed  into  the  body  of  stagnant  gases.  The  gaseous  mixture  tliat  fillet!  the 
roads  was  suffocating,  pungent,  and  irritating.  How  would  burning  hydrogen 
produce  such  a  mixture?  It  was  probably  CO,  CO.^  and  f^O.^,  with  pyroligneous 
acid,  or  some  such  substance  produced  by  partial  distillation  of  the  timbers.  The 
failure  to  discover  CO^  by  the  appearance  of  the  lights  eight  hours  after  the  ex- 
plosion, and  after  the  full  force  of  the  intake  current  had  been  directed  into  the 
stagnant  gases,  does  not  prove  that  CO.^  did  not  exist  immediately  after  the  explo- 
sion." 

These  remarks  were  made  under  a  misapprehension.  It  will 
be  found  at  page  62  of  the  book,  that  four  men  in  the  New 
branch  escaped,  and  in  doing  so,  attempted  to  pass  through 
over  150  yards  pf  road  in  which  explosions  Nos.  8,  9  and  10 
had  occurred,  and  where  the  products  of  the  explosions  were 

*  Trans.,  xxiv.,  905. 
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imprisoned  by  the  falls.  They  were  in  the  stagnant  atmosphere 
almost  immediately  after  the  disaster,  and  their  candles  burned 
brightly  in  it. 

Upon  the  same  page  is  recorded  that : 

"  Stoppings  were  put  in  ...  .  and  the  full  force  of  the  intake  current  directed 
into  the  body  of  stagnant  gases  in  the  Horse  Road,  with  the  result  that  Mr. 
Garthwaite  reached  the  bodies  about  eight  hours  after  the  explosion." 

In  doing  so  he  had  to  advance  frequently  into  the  stagnant 
atmosphere,  and  described  it  as  "  suftbcating,  pungent,  and 
irritating."     The  record  proceeds  : 

"  Many  times  Mr.  Garthwaite  advanced  more  rapidly  than  the  fresh  air,  getting 
into  the  stagnant  gases,  and  invariably  experienced  the  sensations  named,  neces- 
sitating immediate  retreat  to  the  air-current.  On  one  occasion  encouraged  by  his 
naked  light  burning  clearly,  he  pressed  forward  in  front  of  the  current,  and  suf- 
fered loss  of  muscular  power  that  caused  him  to  stagger  and  reel,  and  he  had  to  be 
assisted  back  into  the  fresh  air.  The  candles  of  the  exploring  party  are  stated 
to  have  burned  as  brightly  in  the  stagnant  gases,  as  in  the  fresh  air  ;  and  they 
could  only  discover  in  which  atmosphere  they  stood,  from  the  sensations  they  ex- 
perienced in  them." 

The  records  therefore  show  that  the  exploring  party  were 
frequentl}^  standing  in  the  actual  gaseous  products  of  the  explo- 
sions, and  this  is  not  difficult  to  understand  if  the  condition  of 
the  mine  be  recalled.  The  circulation  of  air  was  suspended, 
because  the  doors  and  crossings  were  destroyed,  and  the  intake 
current  escaped  directly  into  the  return  airway,  without  enter- 
ing the  field  of  the  explosions.  The  roads  within  the  field  were 
therefore  filled  with  a  still  atmosphere,  which  comprised  the 
products  of  the  explosions  and  of  the  chemical  actions  in  the 
antecedent  spaces,  with  residual  gases  and  normal  exhalations 
of  the  strata.  This  still  atmosphere  could  only  be  displaced  by 
difiiision,  because  the  roads  were  filled  up  by  large  falls  at 
many  points  (described  at  pp.  21-24)  which  stopped  the  circu- 
lation. The  exploring  party  entered  into  this  atmosphere  to 
make  apertures  through  the  falls,  so  that  the  intake-air  with 
the  motive  column  of  the  ventilation,  could  be  made  eftective 
to  force  the  stagnant  gases  along  the  roads  to  the  upcast-shaft. 
They  commenced  this  operation  within  two  hours  of  the  disas- 
ter, and  were  engaged  for  six  hours,  constantly  pressing  forward 
more  rapidly  than  diftusion  was  effected,  and  were  often  stand- 
ing in  the  stagnant  gases;  until,  warned  by  physiological  scnsa- 
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tions,  or  by  some  member  falling  into  unconsciousness,  they 
were  compelled  to  retreat  to  a  point  in  the  intake-air  where  the 
sensations  disappeared. 

The  atmosphere  resulting  from  the  chemical  changes  in  the 
field  of  disaster  was,  therefore,  under  constant  test  by  the  ex- 
ploring party,  for  a  period  of  six  hours,  at  numerous  points 
where  the  intake-air  had  not  penetrated. 

The  usual  method  of  testing  the  atmosphere  of  a  mine  for 
the  presence  of  carbon  dioxide  is  to  observe  the  effect  upon 
the  ilame  of  a  lamp  or  candle;  and  where  the  flame  burns 
clearly,  it  is  known  that  carbon  dioxide  is  not  appreciably 
present. 

It  was  known  many  years  ago  that  an  atmosphere  containing 
about  2  per  cent,  of  carbon  dioxide  extinguished  flame.  Dr. 
John  Haldane  and  Mr.  W.  iS".  Atkinson  (Inspector  of  Mines) 
recently  investigated  atmospheres  in  mines  in  which  their  lamps 
and  candles  were  extinguished.  They  noted  the  physiological 
sensations  experienced,  and  collected  samples  of  the  gaseous 
mixture  for  analysis.  The  results  of  their  investigations  are 
published  in  vol.  viii.,  pp.  549-562,  of  the  Transactions  of  the 
Federated  Institutes  of  3Iimng  Engineers,  where  it  \\\\\  be  found 
that  the  atmospheres  in  which  the  lamps  and  candles  were  ex- 
tinguished, contained  from  2,21  to  2.58  per  cent,  of  carbon  di- 
oxide ;  but  that  the  first  physiological  sensation  was  experienced 
when  the  carbon  dioxide  rose  to  3.26  to  3.38  per  cent.,  and 
violent  panting  was  felt  when  it  formed  7.32  per  cent,  of  the 
atmosphere. 

The  burning  candles  at  the  Camerton  collieries  show  that  the 
stagnant  gases  did  not  contain  2.21  per  cent,  of  carl)on  dioxide; 
and  the  ph^'siological  sensations  suffered  by  the  exploring  party 
were  distinct  in  character  from  the  sensations  experienced  by 
Dr.  Haldane  and  Mr.  Atkinson  in  atmospheres  containing  car- 
bon dioxide.  The  evidence  that  there  was  not  an  appreciable 
quantity  of  carbon  dioxide  in  the  stagnant  gases,  is  consequently 
indisputable. 

Dr.  Day  further  remarks  (p.  910) : 

"A  simpler  explanation  of  the  explosion  would  seem  to  me  to  be  that  the  flame 
from  the  gunpowder  set  fire  to  the  coal-dust  in  the  presence  of  a  considerable 
amount  of  air  in  the  well-ventilated  tunnel.  This  burning  kept  up  along  the 
tunnel,  and  was  not  very  violent  because  the  combustion  was  incomplete,  and  the 
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air  and  dust  were  not  well  mixed.     Where  the  mixing  was  more  complete,  the 
explosions  were  more  violent." 

Ill  such  a  mixture  of  coal-dust  with  "  a  considerable  amount 
of  air,"  the  distilled  gases  must  have  been  consumed  as  they 
were  evolved,  at  the  expense  of  the  atmospheric  oxygen  sur- 
rounding each  particle  of  coal ;  and  no  distilled  gas  could,  in 
this  excess  of  air,  have  been  left  to  make  an  explosive  mixture, 
as  explained  at  p.  94  of  the  book.  Dr.  Day's  hypothesis  conse- 
quently fails  to  account  for  the  principal  phenomenon,  namely, 
the  exhibitions  of  explosive  violence. 

Dr.  Day  proceeds  to  say  that  "  from  such  incomplete  com- 
bustion carbon  monoxide  would  be  expected  as  the  main  pro- 
duct." Large  volumes  of  carbon  monoxide  must,  upon  such  a 
supposition,  have  been  produced  in  the  path  of  the  coal-dust 
(about  1  mile  long),  and  formed  a  considerable  constituent  of 
the  imprisoned  atmosphere.  The  survivors  were  in  that  at- 
mosphere, immediately  after  the  disaster,  and  the  exploring 
party  worked  in  it  for  six  hours.  They  suffered  the  sensations 
recorded,  but  no  fatal  effects  were  produced.  An  atmosphere 
that  contains  only  0.5  per  cent,  of  carbon  monoxide  is  imme- 
diately fatal  to  human  life;  therefore,  even  that  small  quantity 
was  not  present,  and  Dr.  Day's  hypothesis  fails  in  the  posi- 
tive absence  of  the  proof  he  suggested  as  necessary  for  its 
acceptance. 

Dr.  Day  continues  (p.  910) : 

"Mr.  Stuart  ventures  the  statement  that  carbon  dioxide  is  an  essential  product 
of  the  explosion  of  hydrocarbon  gases,  ■  although  it  is  well  known  that  these 
products  may  vary  from  water  and  carbon  dioxide  as  products  of  complete  com- 
bustion, to  mixtures  in  various  proportions  of  hydrogen,  solid  hydrocarbons 
mixed  with  free  carbon  (soot\  unburnt  gaseous  hydrocarbons,  carbon  in  the  form 
of  coke,  carbon  monoxide,  carbon  dioxide,  water,  etc.,  according  to  the  stage  of 
incompleteness  of  tlie  combustion." 

The  phrase,  "  explosion  of  gases,"  which  I  adopted  to  de- 
scribe the  cause  producing  the  effects  observed  in  wrecked  and 
shattered  structures,  is  perfectly  understood  as  distinct  from 
the  inexplosive  combustion  seen  in  an  ordinary  illuminating- 
gas  jet.  Disruptive  effects,  like  those  recorded  at  the  loci  of 
the  explosions,  could  only  be  produced  by  the  explosion  or 
practically  complete  combustion  of  the  gas;  and  chemistry 
teaches  that  carbon  dioxide  is  an  essential  product  of  that  com- 
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bustion.  If  a  gaseous  hj^lrocarbon  be  mixed  with  its  oxidizing 
equivalent  of  air  and  ignited,  an  explosion  results,  causing  vio- 
lent destruction  ;  but  if  these  proportions  of  gas  and  atmos- 
pheric oxygen  be  departed  from,  then,  as  their  ratio  for  com- 
plete combustion  disappears,  the  violent  effects  of  the  mixtures 
diminish  until  a  point  of  incomplete  combustion  is  reached  in 
which  no  disruptive  force  is  produced;  and  in  this  descending 
grade  from  complete  to  incomplete  combustion,  the  products  are 
necessarily  changing,  the  carbon  dioxide  becoming  a  diminish- 
ing product.  This  suggestion  of  incomplete  combustion,  con- 
sequently, leaves  the  phenomenon  of  exhibitions  of  explosive 
violence  unaccounted  for. 

Again  Dr.  Day  observes  (p.  910)  : 

"We  recognize  it  as  impracticable  to  produce  even  experimentally  anj'  single 
product  such  as  hydrogen  (which  Mr.  Stuart  claims)  as  the  result  of  distillation, 
except  by  heating  for  a  considerable  time  at  the  highest  temperature  attainable." 

At  pp.  46,  47  of  my  book  hydrogen  is  shown  to  be  one  of 
the  educts  of  the  distillation  of  coal  in  association  with  other 
gases,  and  this  result  is  obtained  in  ordinary  chemical  analysis. 
At  p.  53  the  educts  are  described  as  a  mixture  of  gases,  and  the 
processes  are  discussed  in  which  the  hydrogen  constituent  of 
hydrocarbons  became  a  free  product  in  the  gaseous  mixture ; 
that  is  to  say,  there  was  hydrogen  present,  no  longer  in  chemi- 
cal union  Vvith  carbon,  and  therefore  at  disposal  for  explosive 
effects,  where  adequate  oxygen  could  be  obtained.  This  hy- 
pothesis is  in  accordance  with  the  teachings  of  chemistry,  and 
within  the  practical  experience  of  the  gas-engineer. 

Dr.  Day  further  remarks  : 

It  is  not  necessary  to  use  such  a  complicated  distillation  theory  to  explain  the 
presence  of  soot,  the  common  indicator  of  incomplete  combustion,  i.e.,  a  smoky 
flame." 

The  presence  of  the  finely  divided  carbon  would  not  be  diffi- 
cult of  explanation,  if  it  were  an  isolated  phenomenon ;  but  it 
was  not.  And  every  phenomenon  must  find  its  place  in  the 
rationale  of  the  explosion.  The  chemical  changes  by  which 
this  carbon  was  produced,  did  not  yield  an  appreciable  quantity 
of  carbon  monoxide  or  carbon  dioxide ;  consequently  it  could 
not  have  been  the  product  of  a  smoky  flame,  which  necessarily 
produces  those  gases.     Combustible  bodies  in  the  path  of  the 
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explosions,  which  must  have  been  consumed  or  burnt  if  this 
hydrocarbon  flame  had  been  present,  were  found  neither  con- 
sumed nor  burnt,  and  exhibited  a  condition  which  was  proof 
that  there  was  not  such  a  flame.  It  has  already  been  shown 
that  this  suggestion  of  incomplete  combustion  leaves  the  dis- 
ruptive phenomena  unexplained. 
Finally,  Dr.  Day  observes  (p.  910) : 

"As  the  explosion  proceeded,  its  heat  must,  of  course,  have  distilled  some  of  the 
coal-dust ;  but  it  should  be  noted  that  after  long  heat-calculations  Mr.  Stuart  ad- 
raits  that  the  slight  amount  of  heat  in  the  gunpowder  would  only  account  for  a 
trifling  percentage  of  the  energy  necessary  to  carry  the  gases  to  the  place  where 
he  supposes  the  first  explosion  to  have  taken  place.  He  admits  that  some  com- 
bustion must  have  taken  place,  but  he  prefers  to  leave  in  the  background  this 
source  of  nearly  the  whole  effect." 

The  last  clause  of  this  statement  is  entirely  incorrect.  It  is 
shown  at  p.  85  of  the  book,  that  the  surplus  heat  in  the  pro- 
ducts of  the  mining  powder  was  absolutely  incapable  of  pro- 
ducing explosions  at  the  points  where  disruptions  were 
observed ;  but  in  the  succeeding  pages  the  source  of  supple- 
mentary heat  is  worked  out,  and  at  pp.  89  and  90  the  quantity 
of  heat  is  computed,  and  the  figures  are  given,  viz. :  44,104,476 
gramme-units  obtained  in  the  oxidation  of  the  hydrogen  de- 
rived from  the  coal,  and  the  hydrogen  constituent  of  evolved 
hydrocarbons.  The  problem  was  grappled  in  the  book,  and  an 
eifort  made  to  solve  it. 

The  important  criticisms  of  the  theory  advanced  in  mv  first 
book,  have  now  been  dealt  with  and  shown  to  be  largely  due  to 
a  misapprehension  of  the  facts,  and  therefore  untenable ;  and 
the  hypotheses  advanced  in  substitution  of  that  theory  are 
found  to  be  inconsistent  with  the  phenomena  of  the  disaster. 
It  will  now  be  an  advantage  to  state  briefly  the  observed  phe- 
nomena and  the  explanation  advanced  in  the  book. 

There  were  extensive  residues  of  coked  coal  in  the  imme- 
diate vicinity  of  the  shot  (pp.  40  and  41),  therefore  the  small 
quantity  of  heat  at  disposal  from  the  charge  of  mining-powder, 
to  which  Mr.  Kent  draws  attention  (^Trans.,  xxiv.,  915),  was,  as  a 
fact,  adequate  to  initiate  distillatory  action  in  the  coal-dust. 

The  atmosphere  of  the  roads  for  over  one  mile  in  length  was 
laden  with  finely-divided  carbon,  and  the  enclosing  walls  were 
more  or  less  covered  with  the  same  substance. 

The  products  of  tlie  chemical  changes  in  the  field  of  the  dis- 
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aster  did  not  contain  an  appreciable  qnantity  of  carbon  monox- 
ide or  carbon  dioxide. 

The  first  exhibitions  of  explosive  violence  were  distant  136 
and  140  yards  res})ectively  npon  either  side  of  the  originating 
shot,  and  nnmerous  disruptions  were  found  at  intervals  beyond 
those  points. 

The  explosions  were  local,  the  road  being  wrecked  and  the 
contained  materials  shattered  to  fragments  in  the  immediate 
vicinity  only. 

In  the  spaces  between  the  explosions,  similar  materials  were 
neither  damaged  nor  moved ;  and  the  road  was  uninjured  ex- 
cept by  the  eftects  due  to  the  immense  changes  of  temperature 
to  which  the  strata  had  been  subjected  during  the  chemical 
changes  that  occurred  in  them  (pp.  77  and  78). 

The  explosions  were  in  large  sectional  areas  of  road,  or 
where  the  normal  supply  of  air  was  greatly  increased. 

The  explosive  phenomena  abruptly  terminated  in  roads  that 
were  dry  and  dusty,  but  ventilated  with  feeble  or  "  return  "  air- 
currents,  and  in  wet  roads. 

These  phenomena  demand  for  their  explanation  the  estab- 
lishment of  a  series  of  chemical  actions,  in  which  heat  was 
produced  for  its  constant  reproduction  in  the  coal-dust  in  the 
the  path  of  the  current,  up  to  the  first  explosions  at  the  distant 
points  named,  without  the  appreciable  production  of  carbon 
monoxide  or  carbon  dioxide,  and  in  which  an  explosive  gas  was 
accumulated  for  explosive  combustion,  which  did  not  yield  car- 
bon monoxide  or  carbon  dioxide  as  products. 

The  theory  advanced  in  the  book  is,  that  the  products  of  the 
mining  powder  were  projected  through  the  planes  of  ruptured 
strata  to  the  floor,  in  fan-like  sheets,  setting  up  destructive  dis- 
tillation in  the  coal-dust;  and  the  evolved  gases  flowed  into  the 
atmosphere  of  the  mine,  but  could  not  undergo  explosive  com- 
bustion, although  there  was  an  ignition-temperature  at  com- 
mand, because  the  atmospheric  oxygen  at  that  place  was  in- 
adequate, or  was  not  within  reach,  for  complete  combustion. 
"With  the  limited  supply  of  oxygen,  a  selective  action  took  place, 
the  free  hydrogen  yielded  by  the  coal  and  the  hydrogen  con- 
stituent of  a  portion  of  the  hydrocarbons  seizing  the  oxygen 
for  its  oxidation,  liberating  carbon  in  solid  form  and  in  a  fine 
state  of  division.     The  temperature  reached  by  the  oxidation 
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of  hyclrogen  being  about  2000°  C,  and  there  being  a  large 
quantity  of  heat  generated  in  that  action,  the  remaining  hydro- 
carbons that  had  not  previously  undergone  change,  would  at 
that  temperature  and  in  the  absence  of  atmospheric  oxygen, 
undergo  dissociation,  placing  free  hydrogen  at  disposal  for  dis- 
ruptive action  where  oxygen  could  be  obtained,  and  leaving 
more  of  the  finely  divided  carbon  in  atmospheric  suspension. 

A  series  of  chemical  actions  of  constant  sequence  was,  there- 
fore, established  in  the  immediate  \acinity  of  the  shot,  in  which 
there  was  the  partial  combustion  of  hydrogen  referred  to, 
generating  heat,  which  produced  a  series  of  chemical  changes 
identical  with  those  which  the  heat  supplied  by  the  products 
of  the  mining  powder  had  originated  ;  and  these  regenerated 
activities  were  of  constant  and  similar  reproduction  along  the 
path  of  the  coal-dust;  the  free  hydrogen  undergoing  constant 
accumulation,  until  a  place  was  reached  in  the  workings  of 
large  sectional  area,  where  the  normal  supply  of  air  was  greatly 
increased^  and  there  being  an  ingnition-temperature  in  the  par- 
tial combustion  taking  place,  the  accumulated  hydrogen  was 
oxidized  with  explosive  violence,  causing  the  disruptive  effects 
observ^ed  at  the  loci  of  the  initial  gaseous  explosions. 

The  quantities  of  heat  generated  in  these  explosions  were 
much  greater  than  the  heat  in  the  products  of  the  mining 
powder ;  and  it  "will  be  readily  understood  that  an  advancing 
series  of  changes  similar  to  those  described,  was  again  estab- 
lished, producing  explosions  at  points  beyond,  where  the  con- 
ditions for  the  oxidation  of  the  accumulated  hydrogen  were 
fulfilled;  consequently  the  explosions  would  be  propagated 
along  every  path  of  the  coal-dust  so  long  as  oxygen  was  avail- 
able and  there  were  no  wet  spaces  to  bring  down  the  tempera- 
ture. 

This  theory  satisfies  the  demands  of  chemical  changes  caus- 
ing a  constant  regeneration  of  heat,  and  placing  hydrogen  at 
disposal  for  disruptive  action,  without  the  production  of  carbon 
monoxide  or  carbon  dioxide,  and  accounts  for  the  absence  of 
these  gases  from  the  atmosphere  in  the  field  of  the  disaster,  with 
the  fact  that  the  carbon  constituent  of  the  hydrocarbons  was  not 
oxidized,  but  disseminated  in  that  atmosphere,  where  it  was 
found  in  copious  suspension,  and  from  which  it  had  been  de- 
posited upon  the  vertical  faces  of  the  enclosing  walls  in  dilated 
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layers,  and  in  fstrkc  giving  the  faces  of  stone  and  timber  a  veined 
appearance. 

Tlic  chemical  changes  referred  to  as  antecedent  to  the  explo- 
sions, required  time ;  and  evidence  may  be  asked  as  to  the 
velocity  of  the  gaseous  movement  between  the  loci  of  the  explo- 
sions. 

The  food-bag  found  still  hanging  by  its  tape  from  the  roof 
(p.  55),  13  yards  from  the  shot,  shows  that  there  was  very  little 
velocity  in  the  gaseous  body  at  that  point,  though  the  evidences 
of  chemical  action  abounded  there. 

The  tram  near  the  bottom  of  the  Southeast  Incline  (Plate 
VII.),  between  explosions  No.  5  and  No.  6,  was  not  displaced ; 
but  there  were  coked  residues  and  copious  deposits  of  fine  car- 
bon, the  evidence  of  energetic  chemical  action  (pp.  68,  69,  71,  72). 
About  60  pounds  of  lumps  of  coal,  weighing  from  a  quarter  of  a 
pound,  to  four  or  five  pounds  each,  had  disappeared  from  the 
open  end  of  the  tram  (Figs.  34,  35,  Plate  VIL).  If  the  coal 
had  been  removed  by  mechanical  force,  the  lumps  or  their  frag- 
ments must  have  been  present  somewhere ;  but  they  could  not 
be  found ;  and  all  that  remained  of  them  were  the  heavy  de- 
posits of  coked  coal  distributed  along  the  opposing  faces  of  the 
two  overhanging  timber  collars  (Figs.  33,  35),  showing  that  the 
lumps  had  been  reduced  to  globules  of  coke.  If  there  had 
been  a  high  velocity  in  the  horizontal  movement  of  the  gaseous 
body  that  attacked  the  coal,  the  particles  of  coke  must  have 
been  swept  away  as  they  were  produced ;  but  they  ascended 
almost  vertically  to  the  faces  of  the  overhanging  timber,  indi- 
cating a  slow  onward  movement  in  the  activities.  This  phe- 
nomenon was  between  two  propagated  explosions,  and  over 
300  yards  from  the  originating  shot. 

These  evidences  show  as  a  fact,  that  the  gaseous  movement 
along  the  path  of  the  coal-dust  was  at  a  velocity  that  allowed 
time  for  the  distillation  of  the  coal  and  the  remaining  chemical 
changes  in  the  series  of  actions. 

The  activities  in  the  spaces  antecedent  to  the  explosions  were 
therefore  simple  distillatory  action,  with  chemical  changes  in 
the  educts  witliout  the  development  of  mechanical  energy. 

A  phenomenon  bearing  upon  this  question  was  the  local 
mechanical  effect  only  upon  the  air-current  (p.  96).  During 
the  occurrence  of  the  explosions  a  man  was  standing  at  the 
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bottom  of  the  downcast  shaft,  946  yards  from  explosion  No. 
10  (the  intervening  road  approximated  to  a  straight  tunnel), 
and  he  observed  the  momentary  reversal  of  the  flame  of  his 
open  light  once  only,  but  it  did  not  excite  a  suspicion  that  any- 
thing unusual  had  occurred.  Another  man  was  standing  in 
the  road  at  an  intermediate  point,  616  yards  from  explosion 
No.  10,  and  he  observed  nothing  but  one  puff  of  wind  that  ex- 
tinguished his  light ;  but  he  attached  no  importance  to  it,  as  it 
was  not  an  unusual  occurrence,  the  intake  air-current  travelling 
at  a  high  velocity. 

The  absence  of  mechanical  effect  upon  the  ventilating  power 
of  the  mine  again  shows  that  the  explosions  were  simply  local, 
the  disruptive  forces  dying  out  in  all  directions  in  their  imme- 
diate vicinity;  and  that  there  was  no  appreciable  mechanical 
force  in  the  gaseous  movement  in  the  intervening  spaces.  This 
phenomenon  is  not  difficult  to  understand  when  it  is  remem- 
bered that  the  gaseous  hydrocarbons  that  were  being  con- 
stantly added  to  the  atmosphere  were  almost  immediately  elim- 
inated by  the  oxidation  of  the  hydrogen  constituent;  that  the 
volume  of  the  incoming  air  was  being  constantly  diminished  by 
the  removal  of  the  oxygen,  forming  one-fifth  of  that  volume, 
for  the  oxidation  of  the  hydrogen  in  the  explosions  and  ante- 
cedent actions,  in  successive  productions  of  steam  undergoing 
eventual  liquefaction  by  surrender  of  heat;  and  that,  by  means 
of  this  exhaustion,  the  mechanical  equilibrium  of  the  air-current 
was  maintained. 

The  abrupt  terminations  of  the  explosive  phenomena  in  the 
paths  of  the  coal-dust  require  explanation  (p.  75).  The  funda- 
mental difference  between  the  path  of  propagation  and  tlie 
path  in  which  x^ropagation  failed,  was  the  condition  of  the  air- 
currents.  The  former  contained  "  intake  "-air ;  the  latter, 
with  the  exception  of  a  trifling  split,  were  supplied  with 
"  return  "-air,  impoverished  of  its  oxygen  and  laden  with  oxi- 
dized products. 

The  explosive  phenomena  were  also  arrested  in  wet  spaces, 
which  presents  no  difficulty  when  it  is  remembered  that  the 
product  of  the  oxidation  of  hydrogen  would,  by  its  contact 
with  wet  surfaces,  undergo  a  change  corresponding  to  what 
takes  place  in  the  condenser  of  a  steam-engine.  The  external 
stratum  of  the  product  coming  in  contact  with   the  cold  wet 
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surfaces  would  be  instautly  coudenscd,  leaving  a  vacuous  space, 
into  which  another  stratum  would  fall  and  be  condensed ;  and 
the  i)rocess  would  be  repeated  so  rapidly  during  the  slow  gase- 
ous movement,  as  to  make  condensation  practically  instanta- 
neous. The  product  being  liquefied  by  surrender  of  heat,  the 
temperature  would  fall  below  the  distilling-point,  and  the 
chemical  actions  would  come  to  an  end. 

The  arrest  of  propagation  is  consequently  brought  about  by 
atmos})lieric  conditions,  in  which  heat  cannot  be  generated  for 
the  reproduction  of  the  chemical  actions  because  there  is  inade- 
quate oxygen  to  sustain  the  chemical  changes  in  which  the  heat 
is  produced ;  also  by  wet  surfaces,  wdiich  demand  the  surrender 
of  the  heat  for  the  evaporation  of  their  moisture. 

All  the  observed  phenomena  from  the  origin  to  the  termina- 
tion of  the  disaster,  therefore,  find  their  interpretation  in  the 
theory  advanced  in  the  book,  Coal-Dust  an  Explosive  Agent,  to 
which  I  must  refer  for  the  full  records  and  their  investigation. 
The  theory,  shortly  stated,  is :  A  colliery-explosion  in  which 
coal-dust  is  the  principal  agent,  comprises  numerous  local  explo- 
sions, separate  in  time  and  in  space,  at  irregular  intervals,  where 
the  normal  supplies  of  atmospheric  oxygen  are  greatly  in- 
creased, and  caused  by  the  explosive  combustion  of  accumula- 
tions of  hydrogen  gas,  derived  from  the  coal-dust  in  the  ante- 
cedent spaces,  by  a  series  of  chemical  actions  of  constant 
sequence,  which  produce  heat  for  regeneration  without  aux- 
iliary intervention,  and  are  constantly  reproduced  along  the 
path  of  the  coal-dust  under  the  conditions  named. 

This  theory  accounts  for  the  coked  residues  of  coal  and  the 
positions  in  which  they  were  found  (pp.  40,  41,  42,  69,  94,  95); 
explains  the  presence  of  amorphous  carbon  in  atmospheric  sus- 
pension, and  its  characteristic  deposition  upon  the  inclosing 
walls  throughout  the  field  of  disaster ;  accounts  for  the  prac- 
tical absence  of  carbon  monoxide  and  carbon  dioxide  in  the 
gaseous  products ;  supplies  the  heat  for  the  distillatory  action, 
for  raising  the  air  of  the  gaseous  mixture  to  ignition-tempera- 
ture, and  for  supplementing  the  losses  due  to  the  contact  of  the 
products  of  combustioii  with  the  cold  surfaces ;  allows  time  for 
the  distillation  of  coal  and  the  chemical  changes  in  the  series 
of  actions;  provides  the  explosive  gas  for  producing  the  dis- 
ruptions ;  explains  the  occurrence  of  the  disruptions  at  inter- 


120  COAL-DUST    AS    AX    EXPLOSIVE    AGENT. 

vals,  the  absence  of  mechanical  effects  in  the  intervening 
spaces,  the  conditions  under  which  propagation  proceeds  or  is 
arrested,  the  maintenance  of  the  mechanical  equilibrium  of  the 
ventilating  current,  and  excludes  no  coal  except  that  which 
yields  no  combustible  gases  when  subjected  to  the  temperature 
of  destructive  distillation. 

II. — The  Origin  and  Rationale  of  Colliery  Explosions.* 

The  views  in  the  first  part  of  this  paper  were  founded  upon 
the  phenomena  of  the  explosion  at  the  Camerton  collieries, 
which  provided  a  practical  demonstration  of  disaster  caused  by 
gas  derived  from  coal-dust ;  but  it  was  reasonable  to  suppose 
that  evidence  beyond  a  solitary  explosion  of  that  character, 
would  be  demanded  for  the  establishment  of  a  new  hypothesis. 
Supplementary  evidence  is  now  pro\ided  by  the  explosion  of 
February  9,  1895,  at  the  Timsbury  collieries,  Somersetshire, 
which  had  been  worked  for  the  pre\dous  seventy  years  ^^^th 
candles  (which  is  the  mode  of  lighting  still  employed).  There 
has  never  been  a  trace  of  fire-damp  observable  in  the  collieries. 
Facilities  were  afforded  me  for  investigating  this  disaster,  and 
I  found  its  phenomena  to  be  identical  with  those  of  the  explo- 
sion at  the  Camerton  collieries,  and  the  two  disasters  to  pro- 
vide an  important  body  of  evidence  for  investigating  the  sub- 
ject of  colliery-explosions.  The  result  of  the  investigations  is 
given  in  my  second  book,  in  which  the  views  just  considered 
are  found  to  be  confirmed. 

The  first  69  pages  are  devoted  to  the  elucidation  of  the  ex- 
plosion at  the  Timsbury  collieries.  The  conditions  are  de- 
scribed upon  pp.  4-10,  where  the  absence  of  fire-damp  is  con- 
sidered, the  method  of  working  and  ventilation  explained,  and 
dry  coal-dust  shown  to  prevail  in  the  workings  generally.  The 
phenomena  of  the  explosions  are  recorded  on  pp.  11—36.     At 
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Lower  Coiivirre  shaft,  riate  I.,  the  roads  were  found  in  their 
normal  eondition  after  the  explosion  (p.  12),  but  230  yards  dis- 
tant some  debris  was  lying  upon  the  floor  from  a  shot  that  had 
been  very  recently  fired.  The  double  timber  in  the  vicinity  of 
the  shot  was  undisturbed  (p.  13).  A  food-bag,  34  yards  dis- 
tant, was  still  hanging  from  the  roof  by  its  tape  in  a  carbonized 
condition ;  empty  trams  in  the  siding  near  were  uninjured  and 
undisturbed  ;  more  trams  at  the  foot  of  Peter's  incline,  beyond, 
were  in  the  same  condition;  and  the  man  who  charged  the  hole 
with  mining  powder  and  lighted  it,  was  found  there,  burnt,  but 
not  mutilated.  At  the  top  of  this  incline,  however,  the  empty 
trams  were  destroyed ;  one  wheel,  of  12  inches  diameter  and 
2  inches  tread,  was  broken  in  two,  and  the  parts  were  lying  in 
opposite  directions;  the  iron  drum  w^as  broken,  and  its  ti 'Tiber 
staging  shattered ;  the  ventilating  doors  were  reduced  to  small 
bits,  and  the  brick  and  stone  arching  was  wrecked  (pp.  14,  15). 
A  violent  local  explosion  had  occurred  here,  and  the  field  of 
disaster  contained  many  similar  local  exhibitions  of  explosive 
violence  at  various  intervals. 

At  Peter's  incline  the  road  divided  (Plate  I.) :  one  branch  to 
Wyatt's  incline  reached  several  districts  of  workings ;  the  other 
branch  proceeded  to  Upper  Conygre  shafts;  and  roads  from 
other  districts  joined  in  at  intermediate  points.  The  initial  ex- 
plosion was  propagated  into  each  district,  and  no  less  than 
eighteen  disruptions  were  observed  at  widely  distant  points,  de- 
scribed in  pp.  15-28.  A  summary  of  these  disruptions  is  given 
at  p.  30  as  follows  : 
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Yards. 

From  No.  14  explosion  to  No.  15  explosion  against  the  air-current,       .     100 

"     No.  15  "  No.  16         "  "  "  .         .       62 

"     No.  15  "  No.  17         "  "  "         .        .       77 

"     No.  17  "  No.  18         "  "  "         .        .     170 

All  tlie  disruptions  were  in  large  places  or  where  the  quantity 
of  air  was  abnormally  large. 

Where  the  propagation  of  the  explosions  failed  in  the  path  of 
the  dry  coal-dust,  the  roads  were  supplied  with  impoverished 
and  vitiated  air-currents  (pp.  65-67). 

Coked  residues  of  coal  were  found  in  the  vicinity  of  the  shot 
and  at  numerous  places  in  the  workings.  In  the  spaces  between 
the  explosions,  the  residues  were  near  the  floor,  and  feathered 
oif  into  small  patches  at  heights  not  exceeding  2  feet  above  the 
rails,  where  they  were  deposited  upon  obstructions  {e.g.,  trams) 
standing  in  the  path  of  the  coal-dust.  There  were  two  excep- 
tions :  coal-dust,  resting  upon  a  plank  4  feet  above  the  floor, 
was  found  coked  in.  situ,  and  some  timber  at  the  end  of  a  level 
was  generally  covered  on  one  side  (pp.  31-33).  The  mode  of 
deposition  is  considered  at  pp.  51,  52.  Where  the  coked  resi- 
dues were  within  the  influence  of  the  disruptive  forces,  they  ex- 
tended to  the  roof. 

The  stagnant  atmosphere  of  the  roads  in  the  field  of  disaster 
was  so  charged  with  amorphous  carbon,  that  it  was  compared 
by  two  members  of  the  rescue-party,  who  first  entered  the 
roads,  to  the  condition  that  is  produced  "by  turning  a  bed-tick 
inside  out  and  shaking  it  in  the  air."  This  carbon  was  univer- 
sally deposited  upon  the  walls  of  the  roads  (pp.  34,  35). 

The  candles  burned  clearly  everywhere  in  the  stagnant  atmos- 
phere, but  the  rescue-parties  suft'ered  smarting  of  the  eyes  and 
nose  and  loss  of  power,  and  were  frequently  compelled  to  re- 
treat to  the  pure  air  (p.  35). 

The  origin  of  the  disaster  is  investigated  at  pp.  37-40,  and 
traced  to  the  shot  referred  to ;  and  the  circumstances  of  the 
shot-firing,  the  quantity  of  mining-powder  employed,  the  heat- 
energy  at  disposal  after  the  strata  were  ruptured,  the  evidence 
of  watering  the  road,  and  its  condition  at  the  time  of  the  dis- 
aster, are  considered  at  pp.  40-47 ;  where  it  is  shown  that  the 
charge  of  explosive  was  not  less  than  12|  ounces;  that  there 
was  a  surplus  of  about  137,356  gramme-units  of  heat  for  dis- 
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tillatioii,  and  that  the  coal-dust  at  the  shot  was  in  fovorable 
condition  for  that  action. 

The  links  of  evidence  of  distillation  at  the  shot,  the  food- 
bag,  and  the  bottom  of  Peter's  incline,  and  the  unbroken  de- 
position of  amorphous  carbon  between  the  shot  and  the  explo- 
sion at  the  top  of  that  incline,  show  the  constancy  of  the  chemi- 
cal changes  between  the  two  points. 

Considering  the  large  quaDtity  of  heat  at  disposal  from  this 
initial  explosion,  its  propagation  along  each  path  of  the  coal- 
dust  so  long  as  adequate  atmospheric  oxygen  could  be  obtained, 
presents  no  difficulty,  as  it  simply  demands  a  reproduction  of 
the  chemical  actions  that  are  seen  to  have  had  a  place  between 
the  shot  and  the  initial  explosion. 

The  conditions  prevailing  from  the  shot  in  the  contrary  direc- 
tion towards  Lower  Conygre,  were  unfavorable  to  the  repro- 
duction of  the  chemical  changes  in  that  direction  (pp.  48,  49). 
The  floor  was  wet,  and  the  first  door  formed  a  cul-de-sac,  in 
which  the  still  atmosphere  was  saturated  with  water-vapor. 
The  heat  was  consequently  exhausted  for  vaporization,  and  dis- 
tillatory action  failed. 

The  undisturbed  timber,  the  undamaged  and  unmoved  trams, 
the  hanging  food-bag,  the  absence  of  mutilation  of  Carter's  (the 
shot^firer)  body  or  disturbance  of  his  clothes,  in  the  space  be- 
tween the  shot  and  the  initial  explosion,  indicate  not  only  the 
absence  of  disruptive  forces,  but  show  also  that  the  gaseous 
movement  was  of  low  velocity.  The  same  conditions  were 
observed  between  the  other  local  explosions. 

A  tram  of  coal  had  been  left  at  the  end  of  the  level  beyond  ex- 
plosion N^o.  6,  before  the  disaster  occurred.  The  tram  was  found 
neither  damaged  nor  moved,  nor  was  the  coal  disturbed  (p.  20). 
It  stood  2  feet  6  inches  above  the  rails,  and  the  blocks  of  coal 
were  15  to  18  inches  higher  than  the  wood-work;  the  top  sur- 
face of  the  coal  reaching  a  height  of  4  feet.  The  hard  faces  of 
these  blocks  had  been  attacked  by  gases  at  a  high  temperature, 
causing  them  to  burst  out  into  globules  of  bituminous  matter, 
which  underwent  further  destructive  distillation,  leaving  resi- 
dues of  comminuted  coke.  Some  globules  remained  attached 
to  the  faces  of  the  coal  in  different  stages  of  production ;  but 
every  ledge  of  coal,  the  edges  of  the  wood-work  of  the  tram, 
and  the  buflers,  were  loaded  to  overflow  with  accumulations  of 
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coke,  resembling  small  shot  or  coarse  sand  (p.  55).  This  com- 
minuted coke  had  gravitated  down  to  the  resting-places  where 
it  was  found,  showing  that  there  was  an  inadequate  horizontal 
movement  in  the  gaseous  body  to  carrv  the  particles  beyond 
the  tram  ;  and  admitting  the  element  of  time,  necessary  for  the 
chemical  changes  in  the  theory  already  advanced. 

At  the  loci  of  the  local  explosions,  the  trams  were  broken  up 
and  the  coal  was  scattered.  In  explosion  No.  2  a  tram  of  coal 
weighing  about  16  cwt.,  and  standing  about  8  yards  from  a 
door,  was  projected  through  the  door  as  through  a  target,  and 
fragments  of  tram,  coal,  and  door,  were  found  in  a  shapeless 
mass,  some  yards  beyond  (p.  16).  Timber  was  broken  down 
and  splintered,  arches  were  wrecked ;  a  man  who  happened  to 
be  at  the  locus  of  one  explosion  was  shockingly  mutilated,  and 
other  men,  a  short  distance  from  another  explosion,  were  hurled 
away,  and  the  clothes  partly  torn  oft*  their  bodies  (pp.  19-25). 
The  condition  of  the  roads,  the  materials,  and  the  victims  at  the 
loci  of  the  explosions,  demand  for  their  explanation  forces  mov- 
ing at  the  velocity  of  an  explosive  wave. 

In  the  spaces  between  the  explosions,  the  roads  Avere  not 
damaged;  the  timber  was  not  broken;  the  trams  were  un- 
injured and  their  contents  undisturbed;  the  victims  were  not 
mutilated,  and  their  clothes  were  undamaged.  The  phenom- 
ena in  the  explosions,  and  the  phenomena  in  the  intervening  or 
antecedent  spaces,  therefore  exhibited  distinct  modes  of  energy. 

The  rationale  of  these  energies  has  already  been  suggested, 
but  the  phenomena  at  the  Timsbury  collieries  throw  further 
light  upon  the  subject.  When  coal-dust  distributed  over  the 
floor  of  a  mine  is  subjected  to  heat,  it  is  raised  to  a  condition  of 
intumescence,  and  the  evolution  of  volatile  matter  is  commenced; 
but  if  the  temperature  be  inadequate,  and  the  supplies  of  heat 
be  not  persistent,  the  distillation  will  be  incomplete,  leaving  con- 
crete residues  containing  unvolatilized  tarry  matter.  If  the 
coal-dust  be  subjected  to  a  higher  temperature  in  the  same 
conditions  of  freedom  and  distribution,  the  volatile  matter  will 
be  wholly  extracted,  and  cohesion  will  be  destroyed,  leaving 
a  residue  of  coke  in  the  condition  of  granular  powder.  Both 
of  these  residues  were  found  in  the  field  of  disaster  ;  the  former 
were  produced  from  the  floor  to  a  height  not  exceeding  2  feet, 
the  latter  at  a  height  of  3  feet  to  4  feet  above  the  floor. 
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The  shot-like  particles  of  coke  at  the  tram  exhibited  perfect 
distillation  ;  while  the  concrete  residues  disclosed  only  partial 
distillation  of  the  coal.  Both  classes  of  coke  were  found  in  the 
same  air-current  within  a  few  yards  of  each  other ;  consequently 
there  could  not  have  been  an  appreciable  variation  in  the  pe- 
riods of  the  distilling  actions.  Therefore,  the  perfect  distillation 
at  the  top  of  the  tram  indicated  a  higher  temperature  than  the 
imperfect  distillation  near  the  floor.  The  distillation  at  the  top 
of  the  tram  was  necessarily  effected  by  the  heat  in  the  educts 
from  the  coal-dust  on  the  floor.  When  the  educts  rose  from 
the  floor  they  were  at  the  temperature  due  to  that  stage  of  dis- 
tillation which  produced  only  partial  volatilization ;  but  when 
they  reached  the  top  of  the  tram  they  eff"ected  complete  exhaus- 
tion of  the  volatile  constituents,  indicating  the  higher  tempera- 
ture due  to  the  perfect  stage  of  distillation.  The  educts  had 
therefore  gained  an  elevation  of  temperature  at  the  height  of 
3  to  4  feet,  and  must  themselves  have  been  subjected  to  chemi- 
cal changes.  The  nature  of  these  changes  has  already  been 
suggested,  but  the  question  may  be  further  considered. 

The  coke  with  its  hard,  coarse  structure,  and  the  amorphous 
carbon  fine  and  soft  like  flour,  represent  difl:erent  states  of  the 
same  substance,  and  must  have  been  derived  from  difi'erent 
bodies.  The  coke  is  recognized  as  the  residue  of  the  destruc- 
tive distillation  of  coal.  The  amorphous  carbon  is  distinguished 
as  the  solid  constituent  of  hydrocarbons,  which  in  this  case 
were  the  educts  of  the  coal.  The  coke  and  the  carbon  were, 
therefore,  produced  from  the  coal  and  the  educts  respectively 
by  distinct  chemical  actions  following  each  other.  The  origin 
of  the  coke  is  perfectly  well  known ;  but  the  amorphous  carbon 
may  be  produced  by  incomplete  combustion  of  the  educts,  or 
by  the  oxidation  of  the  hydrogen  constituent,  and  dissociation. 
In  the  former  case  there  would  be  a  hydrocarbon  flame,  and 
having  regard  to  the  copious  character  and  immense  area  of 
the  deposited  carbon,  that  flame  must  have  been  of  great  mag- 
nitude ;  and  under  its  action  the  wooden  materials  and  the 
bodies  of  the  men  and  horses  forming  obstructions  in  the  path 
of  the  flame,  must  have  been  burned  and  cindered.  The  sur- 
faces of  the  wood  were  neither  burned  nor  discolored ;  the  men 
were  burnt  and  blackened  with  coal-dust,  but  the  skin  and  flesh 
was  peeled,  not  consumed,  and  their  hair  and  the  hair  of  the 


126  COAL-DUST    AS    AN    EXPLOSIVE    AGENT. 

horses  was    simply  singed;    therefore,  the}^  had  not  been  at- 
tacked with  a  hydrocarbon  flame. 

This  flame  must  have  yielded  carbon  monoxide  and  carbon 
dioxide  as  products,  and  the  latter  especially  must  have  formed 
a  considerable  element  in  the  atmosphere  that  fllled  the  work- 
ings. Two  survivors  in  the  workings  at  the  time  of  the  dis- 
aster entered  the  stagnant  atmosphere  almost  immediately  after 
the  occurrence,  and  rescue  parties  descended  the  shaft  within  an 
hour  of  the  event.  The  circulation  of  the  air  was  suspended 
by  the  destruction  of  the  doors  and  collapse  of  the  roads ;  the 
products  of  the  chemical  changes  were,  therefore,  trapped  and 
locked  in  between  the  intermittent  falls,  and  could  only  be  re- 
moved by  difl^usion.  The  rescue  parties  constantly  advanced 
beyond  the  space  in  which  diffusion  was  taking  place,  and  en- 
tered the  stagnant  atmosphere  to  make  apertures  through  the 
obstructions,  with  the  object  of  rescuing  the  men  either  alive  or 
dead.  Favorable  opportunities,  therefore,  occurred  for  testing  for 
the  presence  of  carbon  dioxide,  and  its  absence  was  shown  by 
the  candles  burning  brightly  everywhere  in  the  stagnant  atmos- 
phere ;  and  by  the  parties  suffering  physiological  sensations  not 
known  in  an  atmosphere  containing  carbon  dioxide,  and  which 
were  utterly  inadequate  for  the  effects  that  must  have  resulted 
had  there  been  the  quantity  of  carbon  monoxide  present  that 
would  have  been  produced  by  the  combustion  under  notice. 

Gaseous  hydrocarbons  undergoing  incomplete  combustion  at 
the  locus  and  at  the  moment  of  their  evolution  and  separating 
out  their  carbon,  could  not  bring  about  disruptive  effects;  and 
the  numerous  exhibitions  of  violence  through  the  iield  of  dis- 
aster are  as  inexplicable  upon  this  hypothesis  of  combustion,  as 
they  are  inconsistent  with  it. 

The  positive  absence  of  the  effects  of  flame,  and  of  carbon 
monoxide  and  carbon  dioxide,  with  the  exhibitions  of  explosive 
violence,  prove  that  the  amorphous  carbon  was  not  obtained  by 
the  incomplete  combustion  of  nascent  hydrocarbons.  The  re- 
maining source  of  this  carbon  was  in  the  oxidation  of  the  hy- 
drogen constituent  of  the  hydrocarbons,  and  by  their  disso- 
ciation. 

The  hydrocarbons  were  present,  and  an  ignition-tem[)erature. 
The  absence  of  combustion,  even  incomplete,  shows  that  there 
was  inadequate  atmospheric  oxygen  for  the  purpose.     In  these 
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oircuiiistanccs  the  limited  supply  of  oxygen  would  be  seized 
by  the  hydrogen  in  the  educts,  and  the  hydrogen  constituent  of 
hydrocarbons,  bringing  about  other  changes  already  described, 
yielding  the  phenomena  above  referred  to,  and  resulting  in  the 
separation  of  the  carbon.  The  origin  of  the  amorphous  car- 
bon is  now  traced  to  the  gases  of  which  it  was  a  constituent, 
and  which  the  coal-dust  had  yielded  by  distillation. 

An  illustration  of  this  action  is  reported  in  the  Ohio  petro- 
leum regions,  where  gaseous  hydrocarbons  are  yielded  by  the 
bore-holes,  and  some  portion  is  dealt  with  for  the  purpose  of 
obtaining  the  carbon  constituent  which  forms  the  subject  under 
notice.  These  hydrocarbons  are  treated  in  limited  supplies  of 
air,  and  the  hydrogen  constituent  only  is  oxidized,  the  carbon 
being  separated  in  solid  form,  producing  the  article  of  com- 
merce known  as  "  Diamond  Black.'' 

Returning  to  the  two  classes  of  coke  at  the  tram,  with  the 
results  of  this  inquiry  into  the  origin  of  the  coke  and  the  amor- 
l^hous  carbon,  the  observed  elevation  of  temperature  in  the 
educts  between  the  floor  and  the  top  of  the  tram,  is  found  to 
have  its  explanation  and  confirmation  in  the  presence  of  the 
amorphous  carbon,  which  was  produced  by  chemical  changes 
in  the  educts  with  a  great  generation  of  heat. 

The  temperature  of  these  changes  reaches  a  point  exceeding 
2000°  C. ;  therefore  the  distillation  of  the  f\ices  of  blocks  of 
coal  and  the  perfect  exhaustion  of  the  volatile  constituents  will 
now  be  understood. 

The  suggestion  advanced  in  Coal-Dast  an  Explosive  Agent 
of  chemical  changes  in  the  educts  of  the  coal  is  now  seen  to 
derive  further  confirmation  from  the  phenomena  of  the  disaster 
at  the  Timsbury  collieries,  which  verify  the  chemical  actions 
that  were  propounded ;  and  the  theory  recited  in  this  paper 
(pages  115,  116),  in  explanation  of  the  explosion  at  the 
Camerton  collieries,  is  confirmed  by  the  phenomena  observed 
at  the  Timsbury  collieries. 

The  identity  of  the  phenomena  of  these  two  disasters  is  a 
fact,  the  importance  of  which  cannot  be  overestimated;  as  they 
provide  the  origin  and  rationale  of  two  explosions,  not  compli- 
cated by  the  presence  of  fire-damp,  and  which  are  found  to 
have  been  brought  about  by  gases  derived  from  the  coal.  With 
this  body  of  evidence,  attention  will  now  be  directed  to  explo- 
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sions  in  mines  which  normally  yield  fire-damp,  and  an  effort 
will  be  made  to  discover  whether  they  were  caused  by  that  gas, 
which  was  supposed  to  have  suddenly  appeared  in  large  vol- 
umes, or  by  the  coal-dust  always  and  everywhere  present. 

The  Albion  colliery-disaster  in  June,  1894,  when  290  lives 
were  lost,  is  examined  on  pp.  72-88.  The  records  made  of  the 
calamity  were  of  a  general  character,  and  were  equally  urged 
in  support  of  opposing  theories  of  its  origin.  The  conflict  of 
opinion  was  founded  upon  the  fact,  that  materials  in  the  same 
road  had  been  violently  displaced  in  opposite  directions.  The 
phenomenon  was  described  by  the  respective  advocates  as 
"complex,"  and  their  explanation  was  that  the  "blast  had 
passed  over  the  ground  twice  "  (p.  74).  This  hypothesis  is  ex- 
amined at  pp.  75,  76  and  77,  and  shown  to  be  untenable ;  and 
the  positions  in  which  the  materials  were  found,  are  proved  to 
demand  the  exertion  of  explosive  violence  in  the  vicinity,  with 
disruptive  forces  moving  in  all  directions  from  a  common  cen- 
ter. The  disturbances  were  found  at  intervals  throughout  the 
field  of  the  disaster,  and  the  terrible  contrasts  between  the  con- 
dition of  the  victims  at  these  loci,  and  their  condition  in  the 
intervening  spaces,  made  it  absolutely  certain  that  there  had 
been  developments  of  explosive  violence  at  intervals.  The 
records,  therefore,  presented  the  phenomenon  of  intermittent 
local  explosions. 

The  disaster  had  its  origin  in  shot-firing,  where  timber  was 
being  removed  by  charges  of  gelatine-dynamite  (pp.  83-85), 
and  the  surplus  heat  for  distillatory  action  is  estimated  at  about 
250,000  gramme-units  (p.  86).  The  coal  yielded  15.19  per 
cent,  of  volatile  matter  (p.  81).  In  the  immediate  vicinity  of 
this  shot-firing,  there  were  extensive  residues  of  coked  coal 
(p.  86),  which  is  the  evidence  of  the  fact  that  a  large  quantity 
of  heat  was  suddenly  thrown  into  the  coal-dust  at  this  place, 
and  that  a  series  of  regenerating  chemical  actions  was  estab- 
lished, identical  with  those  originated  at  the  shots  in  the  Cam- 
erton  and  Timsbury  collieries. 

The  road  was  heavily  timbered ;  but  with  the  exception  ot 
the  frames  displaced  l)y  the  charges  of  gelatine-dynamite,  there 
was  no  disturbance  of  the  timber  or  strata  for  90  yards  upon 
either  side  of  the  shots ;  though  neither  timber  nor  strata  could 
have  offered  an  effective  resistance  to  disruptive  forces  (p.  87). 
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At  the  end  of  the  uiidisturhed  space  in  each  direction,  disrup- 
tive etfects  upon  the  timber  and  strata  were  exhibited,  indica- 
ting the  loci  of  the  initial  gaseous  explosions.  This  phenomenon 
of  local  disruptions,  with  antecedent  lengths  of  roads  in  which 
there  had  been  no  disruptive  force,  was  exhibited  throughout 
the  iield  of  the  disaster. 

The  disruptions  occurred  in  large  sectional  areas,  or  where 
abnormal  supplies  of  oxygen  were  available,  and  the  activities 
terminated  where  the  air  was  practically  exhausted,  and  where 
a  wet  space  opposed  the  progress. 

Coke  residues  were  extensively  found  in  the  workings  (p.  81). 
At  many  points  the  blocks  of  coal  upon  the  trams  were  in  pro- 
cess of  reduction  into  coke  (p.  88),  and  amorphous  carbon  was 
suspended  in  the  atmosphere,  and  in  the  effluent  gases  that 
rushed  out  of  the  shafts  (p.  82). 

It  will  be  observed  that  there  are  fundamental  identities  in 
the  phenomena  of  the  disasters  at  the  Albion,  Camerton,  and 
Timsbury  collieries.  They  are  each  distinguished  at  their  ori- 
gin by  gas-generating  spaces,  in  which  no  disruptive  energy 
was  exerted,  and  are  led  by  corresponding  modes  of  develop- 
ment to  exhibitions  of  explosive  violence;  so  that  each  field 
exhibited  numerous  intermittent  and  local  explosions.  Residues 
of  coherent  coke,  comminuted  coke  from  the  faces  of  blocks  of 
coal,  and  amorphous  carbon,  disclose  the  correspondence  of  the 
chemical  changes  throughout  the  field  of  disaster,  and  indicate 
their  identical  regenerating  action ;  and  their  terminations 
were  brought  about  under  the  same  conditions.  These  funda- 
mental identities  involve  the  important  conclusion,  that  these 
disasters  in  gaseous  and  in  non-gaseous  mines,  w^ere  brought 
about  by  identical  series  of  chemical  actions  in  the  coal-dust. 

At  the  Malago  Yale  colliery,  Bristol,  explosions  occurred 
August  31,  1891,  originated  by  the  heat  produced  in  the  inex- 
plosive  ignition  of  a  small  quantity  of  fire-damp :  and  March 
15,  1895,  originated  by  the  surplus  heat  of  a  charge  of  mining- 
piowder.  These  are  dealt  with  at  pp.  88-92.  They  exhibited 
the  principal  phenomena  under  notice,  and  the  important  ob- 
servation was  made  on  both  occasions  of  men  lying  either  dead 
or  unconscious  in  the  atmosphere  termed  "  after-damp,"  pro- 
duced by  the  explosions,  with  a  lamp  still  burning  beside  them 
(pp.  89,  92).     The  physiological  sensations  experienced  in  the 
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after-damp  both  by  the  rescuers  and  the  rescued,  were  identical 
with  the  sensations  observed  in  the  stagnant  air  between  the 
falls  at  the  Camerton  and  Timsbury  collieries  (pp.  89,  92,  93). 

At  the  Llanerch  colliery,  Monmouthshire,  an  explosion  oc- 
curred in  February,  1890,  killing  176  men,  which  was  origina- 
ted by  the  heat  generated  in  the  inexplosive  ignition  of  a  small 
quantity  of  fire-damp  (p.  93),  which  set  up  chemical  actions  in 
the  coal-dust ;  and  its  phenomena  were  identical  in  every  re- 
spect with  the  phenomena  of  the  Albion  and  Malago  Yale  dis- 
asters. 

The  phenomena  of  the  four  explosions  in  mines  normally 
yielding  fire-damp,  were  therefore  identical  with  the  phenomena 
of  the  explosions  in  the  Camerton  and  Timsbury  collieries, 
which  yielded  no  fire-damp. 

The  investigation  is  pursued  by  selecting  great  explosions  in 
various  districts  throughout  Great  Britain,  and  examining  their 
phenomena. 

Evidence  of  the  nature  of  the  "  after-damp  "  is  given  at  pp. 
98-101,  showing  that  the  atmosphere  that  filled  the  gaseous 
mines  after  the  great  explosions  produced  effects  identical  with 
those  observed  in  the  non-gaseous  mines  (Camerton  and  Tims- 
bury), i.e.,  the  lamps  burned  brightly,  and  the  same  physiologi- 
cal sensations  were  experienced.  The  gases  that  brought  about 
the  explosions  in  gaseous  and  in  non-gaseous  mines  must,  there- 
fore, have  been  identical,  as  the  products  of  the  chemical 
changes  produced  identical  effects. 

Attention  is  drawn  to  the  fact  that  the  exhibitions  of  %'iolence 
required  for  their  explanation  the  maximum  explosive  mixture 
of  fire-damp,  i.e.,  an  atmosphere  containing  about  10  per  cent, 
of  methane.  One  volume  of  methane  yields  in  this  explosive 
combustion,  one  volume  of  carbon  dioxide,  consequently  carbon 
dioxide  must  form  10  per  cent,  of  the  atmosphere  produced. 

The  most  recent  researches  into  the  constitution  of  the  atmos- 
phere found  in  collieries  and  containing  carbon  dioxide  (previ- 
ously referred  to,  p.  Ill)  are  given  at  pp.  96-98.  It  is  shown  that 
candles  are  extinguished  in  an  atmosphere  in  which  carbon  di- 
oxide is  present  to  the  extent  of  2.21  per  cent.,  but  that  no  loss 
of  power  is  produced  ;  and  the  first  physiological  sensation  is 
felt  when  the  quantity  rises  to  3.38  per  cent,  and  that  7.32  per 
cent,  produ'ces  violent    respiratory  distress.     It  is,   therefore, 
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obvious  that  the  after-damp  which  supported  the  flame  of  lamp 
and  candle,  did  not  contain  one-fourth  of  the  volume  of  carbon 
dioxide  that  is  produced  in  the  explosive  combustion  of  fire- 
damp, consequently  the  explosions  that  produced  this  after- 
damp were  not  explosions  of  fire-damp.  If  confirmation  were 
asked  of  this  scientific  induction,  it  could  be  attbrded  in  the 
fact,  that  the  physiological  sensations  experienced  in  the  after- 
damp, are  fundamentally  different  from  the  sensations  felt  in 
atmospheres  containing  carbon  dioxide. 

Other  phenomena  of  the  numerous  calamities  in  gaseous 
mines  are  the  presence  of  coked  residues  and  amorphous  car- 
bon (pp.  103,  106).  Their  origin  is  characterized  by  undis- 
turbed lengths  of  road  (p.  107),  at  the  ends  of  which  the  initial 
gaseous  explosions  occurred.  The  propagated  explosions  were 
at  varying  intervals,  violent  in  their  energy,  local  in  their 
efiects,  exerting  force  in  all  directions  (pp.  108-111);  while 
the  intervening  spaces  had  known  no  violent  energy.  "  Things 
that  could  easily  have  been  moved  were  not  disturbed  "  (p.  112). 
These  local  explosions  were  found  in  large  sectional  areas,  or 
where  the  ventilation  was  concentrated  by  doors  and  obstruc- 
tions (p.  113).  The  terminations  of  the  explosive  phenomena 
were  in  wet  places  or  in  impoverished  air. 

The  phenomena  of  explosions  in  gaseous  and  in  non-gaseous 
mines,  therefore,  have  fundamental  identities  in  subsidiary  local 
explosions,  separate  in  time  and  in  space,  with  an  identical 
series  of  chemical  changes  and  products,  that  demand  for  their 
explanation  an  identical  explosive  agent;  and  the  preceding 
remarks  prove  that  agent  to  be  coal-dust. 

The  mystery  that  has  surrounded  so  many  calamities  in  gase- 
ous mines,  must  disappear  with  the  knowledge  that  it  is  no 
longer  necessary  to  invoke  the  hj-pothesis  that  a  "  blower,"  or 
an  unknown  accumulation  of  fire-damp  was  suddenly  launched 
into  the  atmosphere  of  the  mine,  adequate  in  volume  to  form  a 
highly  explosive  gaseous  mixture  in  thousands  of  yards  of  road  ; 
as  there  was  already  at  hand,  in  the  coal-dust  lying  upon  the 
roads,  a  practically  unlimited  supply  of  gaseous  educts,  capable 
of  giving  rise  to  explosion.  These  educts  were  made  to  flow 
into  the  atmosphere  of  the  mine  by  processes  which  needed 
only  the  heat  from  an  ordinary  charge  of  explosive,  or  the 
combustion  of  a  small  quantity  of  fire-damp  for  their  origina- 


132  coal-dust  as  an  explosive  agent. 

tion ;  and  when  once  the  activities  were  established  at  any 
local  point,  they  carried  death  and  destruction  through  the 
mine. 

The  theory  advanced  is,  that  the  sokition  of  the  calamities 
that  darken  the  history  of  coal-mining  demands  no  assumption 
of  the  sadden  and  incredible  accumulation  of  an  explosive 
agent,  but  that  the  presence  of  coal-dust  must  give  rise  to  the 
observed  j)henomena. 

The  conclusion  of  the  Royal  Commission  upon  Accidents  in 
Mines,  1879,  that  coal-dust  was  not  an  explosive  agent,  which 
was  founded  upon  the  supposition  that  the  great  explosions  in 
gaseous  mines  were  caused  by  tire-damp,  is  now  shown  to  be 
untenable  (p.  120).  The  objection  raised  in  the  historical  free- 
dom of  non-gaseous  mines  from  explosions  up  to  1893,  disap- 
pears with  a  knowledge  of  the  conditions  necessary  to  the 
chemical  changes  w^hich  produce  an  explosion,  and  which  are 
shown  to  be  only  of  recent  completion  (pp.  120,  121,  122). 

The  close  relation  between  shot-firing  and  many  colliery- 
explosions  suggested  the  following  remarks  upon  explosives : 

The  search  for  what  has  been  termed  a  '-'-flameless  explosive," 
with  the  supposition  that  it  would  be  necessarily  used  without 
danger  of  igniting  gas  or  coal-dust^  can  only  end  in  disappoint- 
ment, as  the  danger  in  the  use  of  explosives  is  seen  to  be  the 
heat^energy  developed  in  their  combustion  (pp.  123-125). 
Some  experiments  with  explosives  were  made  in  1893  by  Mr. 
li.  Hall  (Inspector  of  Mines)  for  the  "  Royal  Commission  upon 
Explosions  from  Coal-Dust,"  and  Mr.  Hall's  conclusions  were 
given  by  Mr.  E.  E.  Russell  Tratman  in  the  discussion  upon  Mr. 
Glenn's  paper  upon  explosions^at  the  Institute  meeting  in  Feb- 
ruary, 1894.*  The  Royal  Commission  adopted  Mr.  Hall's  experi- 
ments, and  reported  that  they  believed  some  of  the  so-called 
flameless  explosives  were  practically  safe  for  all  purposes,  but 
that  power  should  be  given  to  prohibit  the  use  of  mining- 
powder  except  under  stringent  regulations  (2d  Report,  pp. 
xxvii.,  xxviii).  Mr.  Hall's  experiments  are  examined  on  pp. 
125-128  of  my  book,  and  his  conclusions  that  the  use  of 
mining-powder  should  be  abolished  in  mines,  and  that  ammon- 
ite and  roburite  should  be  substituted,  are  found  to  be  unten- 


*  Trans.,  xxiv.,  900. 
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able.  Mr.  HaH's  conclusion  that  roburitc  and  ammonite  "  are 
incapable  of  igniting  or  exploding  coal-dust,"  is  also  shown  to 
be  insecure.*  He  founds  his  conclusions  upon  the  visible  eft'ects 
at  the  top  of  the  shafts,  and  neglects  the  conditions  at  the  cannon 
at  the  bottom  of  the  shaft,  where  the  heat  was  produced,  and  the 
phenomena  originated.  The  charges  of  explosive  varied,  and  the 
following  quantities  were  used:  24  ounces  of  mining-powder,  10 
ounces  of  ammonite  and  8  ounces  of  roburite ;  but  no  attempt 
was  made  to  determine  the  quantities  of  heat  generated  by 
these  charges  respectively,  or  the  velocities  of  projection  of  the 
products  of  combustion  from  the  cannon,  or  their  spheres  of 
action  in  the  dust  cloud.  The  element  of  danger  in  explosives 
was  therefore  not  investigated  or  considered.  The  -different 
behavior  of  the  explosives  in  the  experiments,  is  examined  upon 
the  pages  named,  where  it  is  shown  that  Mr.  HalFs  conclusions 
rest  upon  a  very  partial  basis  of  phenomena,  and  are  not  secure. 
Mining-powder  is  shown  to  have  an  element  of  safety  not  pos- 
sessed by  the  "  high  explosives  "  (p.  125) ;  and  the  precautions 
adopted  in  its  employment  are  equally  necessary  when  the  other 
explosives  are  used  (p.  128), 

It  is  beyond  question  that  if  charges  of  mining-powder, 
roburite  and  ammonite  be  fired,  as  in  ordinary  mining  opera- 
tions, in  corresponding  ];)Ositions,  so  that  the  products  of  com- 
bustion are  thrown  into  coal-dust  in  the  vicinity,  and  these 
products  contain  equal  quantities  of  heat,  identical  effects  in 
the  coal-dust  must  follow. 

The  disquieting  fact  that  the  heat-energy  in  a  charge  of  ex- 
plosive can  originate  a  devastating  explosion  in  a  mine,  is  di- 
vested of  some  of  its  terror  by  the  knowledge  that  a  simple 
application  of  water,  thoroughly  made,  can  easily  effect  the 
harmless  surrender  of  that  energy,  and,  consequently,  the 
danger  arising  from  coal-dust  in  the  presence  of  shot-firing  ad- 
mits of  a  simple  remedy  (pp.  129,  130).  In  mines  yielding  fire- 
damp, precautions  of  an  extensive  character  are  necessary,  as 
the  combustion  of  a  small  quantity  of  fire-damp  is  found  to 
produce  sufficient  heat  to  originate  a  disaster  from  coal-dust. 
In  addition  to  adequate  and  effective  ventilation,  diluting  and 

*  An  explosion  occurred  on  January  27  last,  at  Tylorstown  Colliery,  South 
Wales,  causing  the  loss  of  57  men,  which  was  due  to  coal-dust  and  was  originated 
by  a  sliot  charged  with  ammonite. 
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removing  all  emissions  of  gas,  all  open  lights  must  be  ex- 
cluded and  the  approved  safety-lamps  adopted;  the  coal-dust 
must  be  removed  as  far  as  practicable,  and  an  extensive  and 
general  system  of  watering  kept  in  constant  operation. 

It  is  not  possible,  within  the  limits  of  a  single  paper,  to  offer 
more  than  a  small  portion  of  the  evidence  for  the  views  I  have 
here  advanced;  but  I  trust  that  the  foregoing  observations  will 
be  accepted  as  adequate  to  lead  to  a  further  study  of  the  theory 
worked  out  in  my  books ;  and,  in  conclusion,  I  venture  to  hope 
that  the  rationale  of  a  colliery-explosion,  advanced  in  Coal-Dust 
an  Explosive  Agent,  and  developed  in  The  Origin  and  Rationale 
of  Colliery-Explosions,  will  help  to  give  such  a  grasp  of  the  nature 
of  the  danger  to  be  guarded  against  as  will  strengthen  the 
hands  of  all  engaged  in  colliery-operations  in  contending  with 
it,  so  that,  in  future,  coal-supplies  may  be  obtained  without  the 
terrible  sacrifice  of  life  which  explosions  have  entailed. 


Notes  on  the  Walrand-Legenisel  Steel-Casting   Process. 

BY  H.    L.    HOLLIS,   CHICAGO,    ILL. 

(Pittsburgh  Meeting,  February,  1896.) 

The  paper  read  by  Mr.  George  J.  Snelus,  in  1894,  before  the 
Iron  and  Steel  Institute  of  Great  Britain*  so  fully  and  ably  de- 
scribed the  Walrand-Legenisel  process  that  there  remains  very 
little  to  add  beyond  recording  some  changes  in  practice,  made 
since  that  date,  and  observed  by  the  writer  last  summer,  at 
several  continental  works,  and  the  further  fact  that  the  process 
has  now  been  for  some  time  in  successful  operation  in  this 
country. 

Briefly  stated,  the  Walrand-Legenisel  process  is  an  addition 
to  the  Bessemer  operation,  with  the  object  of  obtaining  quiet 
and  more  fluid  steel,  and  consequently  sound  castings  and  in- 
gots. This  is  achieved  by  adding  ferro-silicon  at  approximately 
the  time  of  flame-drop  in  the  ordinary  Bessemer  operation,  and 
making  an  after-blow.  The  high  calorific  power  of  silicon  is 
well  known,  and  the  rapid  combustion  of  it  immediately  before 

*  Jour.  I.  andS.  L,  xlv.,  1894,  No.  1,  p.  20. 
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pouring  raises  the  temperature  of  the  steel  noticeably,  and — 
what  is  likewise  important — finishes  the  steel-making  operation 
by  the  combustion  of  silicon  to  a  solid  (slag)  instead  of  that  of 
carbon  to  a  gas.  The  consequent  fluidity  of  the  steel  is  well 
shown  by  the  very  small  and  intricate  castings,  running  down 
to  a  fraction  of  a  pound  in  weight,  which  are  regularly  made ; 
but  perhaps  the  best  indication  of  the  heat  of  the  steel  is 
shown  by  the  tact  that  charges  as  small  as  600  pounds  have  been 
blown  successfully  for  several  years  at  Paris,  and  often  the 
charge  has  been  poured  entirely  into  small  work,  taking  from 
fifteen  to  twenty-five  minutes,  without  a  sign  of  skull  in  the 
ladles.  At  the  Potter  &  Hollis  Foundry  Company's  plant, 
Chicago,  heats  of  1000  to  1200  pounds  of  steel  have  often  been 
poured  by  means  of  two  hand-ladles  of  100  pounds  capacity 
(necessitating  the  refilling  of  each  ladle  five  or  six  times)  and 
not  less  than  twenty  minutes  taken  for  the  casting,  and  yet  the 
ladles  have  been  entirely  free  from  skull  at  the  end. 

Bearing  in  mind  the  calorific  power  of  silicon  and  its  well- 
known  influence  in  the  Bessemer  process,  one  is  tempted  to  in- 
quire whether  all  this  has  not  been  done  before,  but  in  the 
investigation  of  the  patent  a  most  thorough  search  made 
through  patent  office  reports,  as  well  as  metallurgical  literature 
and  proceedings  of  technical  societies,  here  and  abroad,  failed 
to  show  anything  in  any  way  similar. 

The  details  of  practice  vary  considerably  at  the  difterent 
works  where  this  process  is  employed,  but  the  features  in  com- 
mon are  briefly  these :  The  vessels  employed  are  the  usual  type 
of  bottom-blown  Bessemer  converters.  These  receive  the  pig- 
iron  in  the  ordinary  way  and  the  blowing  is  continued  until 
about  the  time  of  flame-drop,  when  the  vessel  is  turned  down 
and  ferro-silicon  (containing  from  10  to  12  per  cent,  of  silicon) 
is  added.  An  after-blow  is  then  made,  the  time  for  terminat- 
ing which  varies  at  the  different  works.  After  this,  ferro- 
manganese  or  spiegel  is  added  to  the  vessel  for  recarburizing, 
and  the  steel  is  poured  into  large  ladles  on  cranes,  or  small 
hand-ladles,  according  to  the  nature  of  the  work.  The  blowing 
is  generally  controlled  with  the  aid  of  the  spectroscope.  A 
mention  of  the  diiferences  in  practice  may  be  of  interest. 

At  the  works  of  Eugene  Legenisel  in  Paris,  there  are  two 
converters,  one  of  1200  pounds',  and  one  of  600  pounds'  capac- 
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ity.  The  sprues  and  heads  and  all  steel  scrap  are  melted  with 
the  pig-iron  in  the  cupola  and  every  cupola  charge  consists, 
after  the  first  one  or  two  heats,  of  about  80  per  cent,  of  pig 
and  20  per  cent,  of  steel  scrap.  The  ferro-silicon  and  spiegel 
additions  are  melted  in  small  and  very  ingeniously  arranged 
cupolas,  and  are  added  to  the  converter  by  means  of  ladles.  In 
blowing,  the  converter  is  turned  down  the  first  time  just  short 
of  flame-drop,  so  as  to  leave  enough  carbon  to  act  as  an  index  in 
the  spectrum  of  the  after-blow.  The  silicon  in  the  steel  very 
seldom  exceeds  0.05  and  often  runs  down  as  low  as  0.02  per 
cent.  A  very  large  proportion  of  the  small  work  is  cast  in 
green  sand. 

At  the  Creuzot  works  of  the  Messrs.  Schneider  there  is  one 
1500-pound  converter.  The  steel  scrap  is  added  directly  to  the 
converter  and  the  ferro-silicon  and  the  ferro-manganese  are 
heated  red  but  not  melted  before  using.  The  spectroscope  is 
used  to  control  the  blowing,  as  at  Paris;  but  the  vessel  is 
turned  down  earlier  in  the  after-blow  and  the  aim  is  to  leave 
0.20  per  cent,  of  silicon  in  the  steel. 

At  the  works  at  Hagen,  "Westphalia,  there  are  two  1200- 
pound  converters.  The  blowing  here  is  continued  to  the  flame- 
drop  for  the  first  turning-down,  and  the  after-blow  is  regulated 
more  by  time  and  the  general  appearance  of  the  flame  than  by 
the  spectroscope.  The  additions  are  melted  in  crucibles  and 
the  small  work  is  poured  from  crucibles. 

The  Potter  &  Hollis  Foundry  Company,  Chicago,  has  had  for 
several  months  one  1500-pound  conv^erter  in  operation,  and  an- 
other is  now  being  added.  The  steel  scrap  is  added  entirely  to 
the  cupola-mixture  and  the  ferro-silicon  and  spiegel  are  added 
molten.  The  blowing  is  controlled  practically  as  at  Paris.  The 
most  important  change  in  practice  is  in  the  blast-pressure ;  on 
the  Continent  very  high  pressures  are  employed — up  to  30 
pounds  per  square  inch — while  at  Chicago  not  over  10  pounds 
has  been  used.  Melting  the  additions  in  crucibles,  as  at  Ha- 
gen, and  in  small  cupolas,  as  at  Paris,  have  been  tried.  Both 
Ways  are  satisfactory  and  local  conditions  will  determine  which 
is  more  economical.  The  pin-bottom,  as  used  at  Ilagen,  and 
also  the  usual  tuyere-bottom,  have  been  tried ;  and  it  is  per- 
haps too  early  to  say  which  gives  the  better  results. 

The  steel  made  by  this  process  is  satisfactory  in  every  re- 
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spect.  Entirely  sound  castings  are  obtained  of  any  size,  up  to 
the  capacity  of  the  vessel,  as  well  as  ingots;  and  the  steel  shows 
high  results  under  physical  tests.  Carbon,  manganese  and  sili- 
con are  entirely  under  control ;  the  first  two  being  regulated  by 
the  added  spiegel  and  the  latter  b}^  the  blowing.  Phosphorus 
and  sulphur  depend,  of  course,  on  the  stock  used.  Successive 
heats  can  be  blown  with  practically  identical  compositions.  At 
the  Chicago  plant  the  composition  for  the  usual  run  of  castings 
is  from  0.25  to  0.30  per  cent,  carbon,  between  0.10  and  0.20 
per  cent,  silicon,  and  about  0.60  per  cent,  manganese.  Such 
steel  will  give,  unannealed,  75,000  to  80,000  pounds  tensile 
strength,  with  5  per  cent,  elongation  in  8  inches,  and  annealed, 
70,000  to  75,000  pounds  tensile  strength,  with  12  per  cent, 
elongation  in  8  inches.  The  experience  so  often  quoted,  of 
obtaining  less  sound  castings  as  the  temperature  of  the  steel 
rises,  is  entirely  reversed,  and  it  is  found  that  the  hotter  the 
steel,  the  more  solid  and  more  satisfactory  in  every  way  are  the 
castings. 

A  word  in  regard  to  the  silicon  in  this  steel :  While  it  is 
possible  to  run  the  silicon  down  for  regular  practice  as  low  as 
0.05  per  cent.,  it  is  found  that  nothing  is  gained  by  doing  this, 
so  far  as  the  castings  are  concerned.  By  increasing  the  silicon 
(even  to  as  high  as  0.50  per  cent.)  the  tensile  strength  is  raised 
very  much,  without  appreciably  lowering  the  elongation. 

Tests  for  magnetic  permeability  have  been  made  with  this 
steel,  containing  over  0.30  per  cent,  carbon  and  with  manganese 
above  1  per  cent.,  which  have  given  the  very  best  results.  While 
it  is  not  the  intention  of  the  writer  to  theorize,  it  may  be  re- 
marked that  the  very  high  casting-temperature,  together  with 
the  freedom  from  gas,  seems  to  have  resulted  in  physical  con- 
ditions in  the  steel  which  modified  the  influence  of  the  chemi- 
cal constituents,  as  generally  formulated. 

The  only  trial  of  this  process  with  large  vessels  that  has  come 
to  the  attention  of  the  writer,  consisted  in  a  number  of  heats 
blown  in  8-ton  vessels  at  Les  Aeieries  de  France,  last  summer. 
Here  the  object  was  to  obtain  soft  steel  for  wire,  and  the  result- 
ing product  showed  less  than  0.02  per  cent,  of  silicon,  0.13  of 
carbon  and  0.20  of  manganese  ;  the  physical  test  running  about 
50,000  pounds  tensile  strength,  with  27  per  cent,  elongation. 

While  it  may  be  unwise  to  conjecture  uses  for  this  process  in 
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advance  of  actual  trials,  it  seems  not  improbable  that  where  the 
increased  solidity  of  the  ingots  justifies  the  small  additional 
cost  of  their  manufacture  it  will  have  a  future  in  connection 
with  the  operation  of  large  Bessemer  plants.  It  has  most  cer- 
tainly demonstrated  its  value  in  making  steel  castings. 

To  summarize  what  may  be  justly  claimed  for  this  process 
up  to  the  present  time  : 

1.  It  furnishes  a  steel  foundry  with  exceedingly  fluid,  quiet 
steel  in  such  quantities  and  at  such  intervals  as  are  best  adapted 
to  the  work  to  be  poured. 

2.  It  makes  possible  the  successful  casting  of  small  and  in- 
tricate pieces  in  steel. 

3.  Green-sand  moulds  can  be  used  with  satisfactory  results ; 
the  steel  being  so  fluid  and  holding  its  temperature  so  well 
that  it  can  be  poured  slowly  over  a  lip,  and  in  this  way  not  tear 
a  green-sand  mould  and  not  carry  in  air,  as  is  the  case  so  often 
when  bottom-pouring  from  large  ladles  is  employed.  It  should 
be  said,  however,  that  when  castings  have  to  be  machined  for  a 
perfect  surface,  it  is  better  to  use  dry-sand  moulds,  for  with 
green  sand  there  is  an  unavoidable  "  pin-holing  "  at  times  in 
from  the  surface. 

4.  The  relative  small  cost  of  installation,  and  the  fact  that  a 
converter  can  be  heated  up  in  an  hour  read}"  for  use,  make  it 
unnecessary  to  operate  the  plant  continuously  in  order  to  ob- 
tain economical  or  satisfactory  results. 

It  should  be  added  that  M.  Walrand  claims  the  same  results 
in  the  basic  process  by  substituting  a  high-phosphorus  iron  for 
the  ferro-silicon  addition,  but  with  this  the  writer  has  had  no 
experience. 


The  Embreville  Estate,  Tennessee. 

BY  GUY  R.    JOHNSON,    EMBREVILLE,   TENNESSEE. 

(Pittsburgh  Meeting,  February,  1896.) 

It  is  now  generally  acknowledged  that  the  successful  man- 
agement of  a  modern  foundry  necessarily  embraces  a  knowl- 
edge of  chemistry,  and  especially  a  thorough  acquaintance  with 
the  effect  of  the  various  metalloids  on  cast-iron,  in  order  to 
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produoe,  with  certainty  and  regularity,  eastings  of  the  requisite 
strength  and  physical  properties.  Nothing  so  much  assists  in 
this  work  as  having  a  strong  pig-iron,  low  in  metalloids,  to  act 
as  a  basis  of  mixture,  and  to  carry  cheaper  grades. 

In  this  connection,  the  writer  has  thought  that  a  brief  de- 
scription of  the  Embreville  property,  and  the  iron  made  there, 
may  be  of  interest  to  the  Institute. 

This  property  is  situated  in  the  extreme  northeastern  corner 
of  Tennessee,  on  the  banks  of  the  N^olachucky  river,  one  of  the 
principal  affluents  of  the  Tennessee.  It  is  in  a  region  formerly 
dotted  over  with  Catalan  forges  and  charcoal  blast-furnaces,  the 
product  of  which  was  famous  all  over  the  South  for  toughness 
and  ductility. 

The  present  plant  at  Embreville  is  the  successor  of  an  old 
charcoal  furnace  and  rolling-mill,  erected  some  sixty  years  ago, 
which  always  turned  out  a  high  grade  of  iron,  commanding  a 
ready  sale  throughout  the  South. 

As  was  the  case  with  many  of  these  early  plants,  the  great 
expense  of  getting  charcoal,  the  distance  to  market,  and  the 
crude  methods  of  transportation,  caused  successive  business 
embarassments,  as  a  consequence  of  which  the  property  passed 
through  a  number  of  hands.  It  was  finally  purchased  in  1888 
by  an  association  of  Englishmen,  under  the  style  of  "  The 
Embreeville  Freehold,  Land,  Iron  and  Railway  Company, 
Limited." 

After  considerable  negotiation,  this  company  induced  the 
East  Tennessee,  Virginia  and  Georgia  Railroad  to  build  a 
branch  from  Johnson  City,  on  that  road,  to  Embreville,  a  dis- 
tance of  about  eleven  miles. 

Immediately  on  securing  the  railroad,  the  company  caused  to 
be  constructed  by  the  Pittsburgh  Iron  and  Steel  Engineering 
Company  a  first-class  blast-furnace  plant,  which  was  erected 
during  the  years  1891  and  1892.  It  consists  of  a  stack  80  feet 
high  by  19  feet  bosh,  furnished  with  three  Cowper-Kennedy 
stoves,  two  Mcintosh-Hemphill  &  Co.  blowing-engines,  pumps, 
boilers,  stand-pipe,  etc.,  the  whole  plant  being  well  built,  but  of 
the  Pittsburgh  type,  and  unfitted  for  the  ores  of  this  section. 

As  was  usual  during  the  years  from  1890  to  1893,  a  town- 
company  was  formed,  and  a  good  farm  was  spoiled  by  grading- 
operations. 
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The  furnace  was  put  in  blast  in  1892,  and  ran  about  twelve 
months  in  all,  making  an  average  of  about  100  tons  per  day 
of  fair  iron,  the  lower  grades  predominating. 

Owing  to  the  collapse  of  the  "boom"  in  1893,  the  furnace 
Avas  shut  down,  and  stood  idle  until  1895,  when  it  was  bought 
by  Mr.  George  B.  Parker,  of  London,  England,  who  promptly 
took  steps  toward  putting  the  property  in  running  order. 

In  October,  1895,  all  repairs  and  changes  having  been 
eft'ected,  the  furnace  was  blown  in,  and  has  been  running 
steadily  ever  since,  turning  out  an  average  of  from  80  to  90 
tons  per  day,  principally  of  high  grades. 

The  output  of  the  furnace  seems  small  compared  with  its 
size  and  apparent  capacity,  but  it  is  simply  a  question  of 
quantity  or  quality.  By  driving  rapidly,  150  tons  per  day 
could  be  made,  but  it  would  be  principalh'  of  the  three  lower 
grades. 

Such  soft,  brown  iron-ore  as  the  mines  supplying  this  fur- 
nace produce  cannot  be  driven  rapidly  through  a  furnace  of 
this  size,  and  yet  produce  a  large  proportion  of  foundry-iron. 
"With  ores  of  this  kind,  it  is  the  writer's  opinion  (shared  by 
several  prominent  members  of  the  Institute)  that  the  lining 
from  the  bell  to  the  bosh-line  should  have  a  strong  outward 
slope,  i.e.,  the  interior  of  the  lining,  from  bell  to  bosh-line, 
should  have  the  shape  of  a  truncated  cone,  with  an  outward 
slope  of  about  1 J  inches  per  foot ;  and  the  bosh  should  be  put 
as  low  in  the  furnace  as  possible  in  order  to  lower  the  melting- 
point,  and  should  not  be  too  large,  these  conditions  necessitat- 
ing a  comparatively  low  furnace. 

The  difficulty  in  working  a  high  furnace  on  a  soft  brown-ore 
burden  is  that,  in  the  high  furnaces,  the  ore  melts  too  high  up, 
and  the  iron  coming  down  through  the  stock  is  more  apt  to 
be  of  lower  grade,  or  colder,  than  in  a  furnace  in  which  it 
melts  lower  down.  By  reason  of  this  condition,  the  Embre- 
ville  furnace,  not  having  been  altered  from  its  original  interior 
lines,  has  to  be  driven  very  slowly  as  compared  with  its  theo- 
retical capacity  according  to  modern  ideas  (as  based  on  Pitts- 
burgh practice),  the  blast  being  increased  only  as  the  heat  gets 
higher,  which  increase  is  instantly  followed  by  a  cooling  of  the 
whole  furnace. 

The  iron  thus  far  produced  is,  so  far  as  the  writer  knows, 
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unique,  the  average  contents  of  phosphorus  in  the  whole  blast 
so  far  having  been  only  0.12  per  cent.,  and  running  in  many 
cases  down  as  low  as  0.08  per  cent.— certainly  a  remarkable 
fio-ure  for  iron  made  from  brown  ore.  Manganese  runs  from 
0.40  to  0.50  per  cent.,  and  silica  is  easily  controllable,  the  fur- 
nace having  produced  iron  running  all  the  way  from  basic 
open-hearth— both  as  to  silicon  and  sulphur — to  a  high-silicon 
foundry,  containing  5  per  cent,  of  silicon  and  0.008  of  sulphur, 
with  the  fracture  of  No.  2  foundry. 

The  tensile  strength  of  the  iron  is  remarkable.  The  iron- 
breakers  often  throw  the  iron  several  times  on  the  breaking- 
blocks  before  fracture,  and  the  result  of  a  number  of  tests  at 
the  Addiston  Pipe  Company's  works  gave  it  a  tensile  strength 
of  24,000  pounds,  and  a  transverse  breaking-strength  of  2200 
pounds. 

Of  course,  an  iron  so  low  as  this  in  phosphorus  cannot  but 
be  red-short,  and  for  that  reason  we  have  had  considerable 
trouble  in  getting  our  customers  to  use  it  properly.  If  em- 
ployed in  too  large  a  proportion  for  castings,  it  will  chill,  and 
the  shrinkage  will  be  very  great.  When  properly  mixed,  how- 
ever, it  gives  splendid  results,  and  by  reason  of  its  great  strength, 
freedom  from  impurities  and  scrap-carrying  qualities,  it  is  grad- 
ually finding  its  way  to  a  class  of  customers  who  need  a  special 
iron  of  this  nature. 

Another  interesting  feature  is  the  presence  of  lead  in  both 
ore  and  limestone.  This  element,  though  not  present  in  pro- 
portions large  enough  to  cause  trouble  by  running  out  in  quan- 
tity with  the  iron,  gives  considerable  annoyance,  owing  to  its 
curious  property  of  causing  the  iron  to  part  with  its  graphitic 
carbon,  which  lies  in  great  masses  in  the  runner  after  each  cast. 
This  throwing-olf  of  graphitic  carbon,  in  turn,  gives  the  iron  a 
"  close-grained  "  look,  which,  of  course,  hurts  it  with  the  "  rule- 
of-thumb  foundry-man,  who  depends  on  the  appearance  of  the 
fracture  to  tell  him  the  nature  of  the  iron.  There  is,  also,  a 
small  quantity  of  zinc  present. 

The  ore  from  which  this  iron  is  produced  lies  in  one  of  the 
Tennessee  limestone  coves — Bumpass  Cove — and  is  decidedly 
interesting  from  a  geological  stand-point. 

According  to  Professor  Lesley,  a  great  fault  took  place  just 
beyond  the  point  where  the  Nolachucky  river  makes  its  last 
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break  through  the  mountains  into  the  great  limestone  val- 
ley, and  this  fault  left,  settled  down  behind  the  Potsdam  sand- 
stones and  shales  (known  locally  as  the  Chilhowee  grit  and 
shales),  a  syncline  of  No.  II.  limestone,  wdiich  is  overspread 
throughout  a  large  part  of  its  extent  with  from  6  inches  to  30 
feet  of  brown  iron-ore. 

From  more  recent  examination,  however,  the  writer  is  in- 
clined to  think  that  Professor  Lesley  was  in  error  when  he 
thought  a  fault  made  this  deposit  possible.  A  study  of  the 
geological  features  of  the  region  reveals  numerous  short  bends, 
and  the  writer  thinks  that  Professor  Lesley  mistook  an  unusu- 
ally short  bend  for  a  fault ;  in  w^hich  opinion  he  has  the  support 
of  the  observers  of  the  LTnited  States  Geological  Surv^ey.  The 
upper  part  of  the  bend  has,  of  course,  been  denuded,  leaving 
the  sandstone  and  shale  lying,  apparently,  over  the  limestone. 

The  property  presents  three  varieties  of  ore,  the  first  being  a 
very  siliceous  specular  iron-ore,  containing  Fe,  30 ;  SiOa,  50 ; 
and  P,  0.5  per  cent,  lying  high  on  the  mountains,  and  found,  of 
course,  in  the  Potsdam  measures.  This  ore  lies  in  thin  bands 
from  12  to  14  inches  thick,  separated  by  several  feet  of  shale. 
There  is  an  enormous  quantity  of  it;  but  owing  to  its  low  iron- 
contents  and  high  phosphorus,  it  is  hardly  probable  that  it  will 
ever  be  profitable  to  work. 

Descending  the  mountain  some  200  feet  vertically,  a  vein  of 
massive  browai  hematite  is  reached,  which  is  apparently  very 
persistent,  and  is  found  on  both  sides  of  the  cove.  Some  lumps 
of  this  ore  have  yielded  63  per  cent,  of  iron,  2.5  per  cent,  of 
silicon,  and  of  phosphorus,  sulphur,  and  manganese  only  a 
trace ;  but  the  bulk  of  the  ore  is  not  nearly  so  good,  averaging 
about  48  per  cent,  of  iron. 

Under  the  former  management,  this  ore  had  not  been  touched, 
since  it  lay  high  on  the  mountain  and  was  difficult  of  access. 
It  is  now  being  opened  as  rapidly  as  possible ;  but  so  little  has 
been  used  as  yet,  that  it  is  impossil)le  to  tell  wdiether  it  will 
have  any  eftect  on  the  furnace-operation  or  not.  It  is  hoped, 
however,  that  an  extra  amount  of  the  "  lump  "  will  enable  the 
furnace  to  carry  a  larger  burden. 

Still  further  down  the  mountain  comes  the  limestone,  wliich 
is  overlain  by  the  brown  ore  now  used.  As  above  observed,  the 
depth  of  this  ore  varies  from  6  inches  to  30  feet,  and  occa- 
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sionally  even  more.  In  the  limestone  pockets,  it  has  attained, 
in  some  instances,  a  depth  of  over  100  feet.  The  whole  ground 
seems  to  be  filled  with  particles  of  soft  brown  ore,  so  that  it  is 
usual  with  us  to  wash  everything  "  from  the  roots  down."  The 
upper  layer  of  red  clay  yields,  on  an  average,  about  one  car  of 
washed  ore  to  five  of  dirt,  though  often  dropping  to  a  propor- 
tion of  one  to  ten ;  but  when  the  ore-body  itself  is  reached,  the 
yield  of  ore  is  very  much  increased,  running  up  in  some  cases 
as  high  as  60  per  cent,  of  the  material  moved. 

In  the  writer's  opinion  this  ore  has  been  broken  up  and 
washed  down  from  the  massive  brown  hematite  lying  above  it 
and  deposited  in  the  limestone.  This  hypothesis  is  certainly 
supported  very  strongly  by  the  configuration  of  the  ground 
and  the  physical  characteristics  of  the  iron-ore,  which  yields  a 
comparatively  small  amount  of  lump  (about  one-eighth)  and 
runs  44  per  cent,  in  iron  and  10  per  cent,  in  silica.  It  is  soft 
and  easily  smelted,  melting  down  very  rapidly,  with  a  tendency 
to  clinker  and  to  dirt-accretions  on  the  walls.  It  also  shows  only 
a  small  quantity  of  phosphorus,  but  about  0.20  of  manganese. 

The  washers  employed  are  all  double  log-washers  of  the 
Thomas  type  with  one  exception,  which  has  three  logs. 

The  limestone  underlying  the  ore  is  usually  capped  by  a  stiff 
black  clay,  locally  called  "  ocher,"  which  rarely  contains  any 
ore.  The  limestone  is  dolomitic,  and  works  excellently  in  the 
furnace,  containing  only  about  1|  per  cent,  of  silica  and  pro- 
ducing a  very  fluid  cinder.  An  average  analysis  would  be 
SiOa,  1.50;   CaCOa,  54;  MgCOg,  43  per  cW 

Although  a  separate  quarry  is  worked  for  this  stone,  yet,  at 
the  same  time,  in  cases  where  limestone  has  to  be  blown  out  in 
order  to  get  into  the  ore-body,  it  is  broken  up  and  sent  down 
to  the  furnace,  thus  furnishing  an  exceedingly  cheap  flux. 
About  three-fourths  of  a  ton  of  stone  per  ton  of  iron  made  is 
required  for  this  purpose. 

At  present  the  fuel  used  is  Pocahontas  coke,  on  which  there 
is  a  200-mile  haul,  partly  over  the  i^orfolk  and  Western  and 
partly  over  the  Southern  railroad,  a  state  of  affairs  naturally 
not  conducive  to  cheapness  of  fuel.  But,  in  case  the  coke  of 
Big  Stone  Gap  proves  all  that  is  anticipated,  coke  ought  to  be 
had  at  a  reasonable  rate. 

The  product  of  the  Embreville  furnace  is  marketed    prin- 
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cipally  in  the  west  at  foundries  which  need  a  strong,  special 
iron.  However,  the  iron  is  beginning  to  be  in  demand  for 
malleable  work.  Possibly  the  malleable  shops  will  eventually 
consume  the  larger  part  of  it.  The  anaWsis  of  most  of  the 
iron  thus  far  made  is  an  ideal  one  for  malleable  work.  The 
malleable-iron  concerns  which  have  bought  small  quantities  of 
the  iron  for  experimental  purposes  have  in  each  case  sent  in 
return  orders  for  larger  quantities  for  further  experiments,  re- 
porting their  initial  tests  as  entirely  satisfactory.  Pig  suitable 
for  malleable  iron  from  south  of  the  Ohio  river  is  something  of 
a  novelty ;  but  this  development  is  in  keeping  with  the  other  ex- 
ceptional features  of  the  Embre\'ille  iron. 


The  Effect  of  Additions  of  Titaniferous  to  Phosphoric 
Iron-Ores  in  the  Blast-Furnace. 

BY  AUGUSTE  J.    ROSSI,    NEW  YORK   CITY. 
(Pittsburgh  Meeting,  February,  1896). 

As  is  well  known,  practically  all  the  phosphorus  of  the  iron- 
ores  smelted  in  the  blast-furnace  passes  into  the  pig-metal,  in- 
creasing its  fluidity,  but  diminishing  its  strength  to  such  an  ex- 
tent that,  if  phosphorus  exceeds  a  certain  amount,  the  metal 
is  only  tit  for  tine  castings,  not  required  to  resist  strains,  and  it 
cannot  be  used  for  the  ordinary  purposes  of  good  foundry -iron. 

ISo  phosphorus  being  eliminated  in  the  acid  Bessemer  pro- 
cess, the  quantity  admissible  in  pig-metal  destined  for  that  pro- 
cess must  be  very  small,  and  hence  the  ores  smelted  must  be 
strictly  Bessemer  ores,  of  which,  in  many  districts,  the  sup- 
ply is  taxed  to  the  utmost.  On  the  other  hand,  very  highly 
phosphoric  pig,  a  metal  of  little  or  no  value  by  itself,  when  re- 
fined by  the  Thomas-Gilchrist  process  in  the  basic  co4i\'erter, 
furnishes  an  excellent  steel ;  but  such  pig-iron  must  be  made 
from  ores  particularly  high  in  phosphorus ;  and  these  ores  are 
not  everywhere  abundant,  and  are  much  sought  after  for  this 
special  purpose. 

But  there  are  many  iron-ores  containing  a  moderate,  though 
still  important,  amount  of  phosphorus,  which  yield  a  pig-metal 
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available  neither  for  the  aeid  nor  the  basic  process  of  making- 
steel,  nor  for  economical  use  in  the  open-hearth,  yet  of  indif- 
ferent value  for  foundry-purposes. 

Titaniferous  ores  are  almost  invariably  Bessemer  ores;  and 
the  pig-metal  obtained  from  them  is  a  special  iron,  generally 
admitted  to  possess  excellent  properties.  It  is  tough  and  hard, 
nearly  white  or  light  steel-gray  in  color,  and  characterized 
by  its  large  percentage  of  combined,  and  small  percentage  of 
graphitic  carbon. 

It  has  occurred  to  me  that  by  mixing  in  proper  proportions 
titanic  and  phosphoric  ores,  the  weakening  influences  of  phos- 
phorus on  the  metal  might  be  counteracted  to  such  an  extent 
as  to  render  such  mixtures  available  for  blast-furnace  use,  in 
order  to  obtain  a  fluid,  and  at  the  same  time  sufHciently  strong 
foundry-iron  for  most  purposes.  If  successful,  this  method 
would  utilize  a  class  of  phosphoric  ores  not  now  possessing 
much  value. 

In  experimenting  in  this  direction,  I  have  obtained  some  very 
curious  and,  to  some  extent,  unexpected  results,  the  communi- 
cation of  which  is  the  special  purpose  of  this  paper.  The  ex- 
periments were  numerous ;  they  were  repeated  in  many  differ- 
ent conditions  and  proportions,  with  very  good  suc'cess;  but 
for  the  present  purpose  I  shall  limit  myself  to  a  description  of 
the  four  experiments  comprising  the  most  important  points  to 
which  I  desire  to  call  attention. 

In  all  these  four  cases  the  same  furnace  was  used.  The  ores 
or  ore-mixtures  were  intimately  mixed  Avith  powxlered  charcoal 
and  appropriate  fluxes,  so  chosen  as  to  exclude  the  idea  of  any 
phosphorus  being  contributed  to  the  metal  by  their  addition. 
They  were  placed  in  graphite  crucibles,  some  200  to  500 
grammes  of  ores  being  used  in  one  operation.  The  crucibles 
were  charged  in  a  furnace  filled  with  charcoal,  through  which 
cold  air  was  blown  under  a  pressure  of  a  few  ounces. 

The  first  two  experiments,  B,  C,  were  made  with  phosphoric 
ores  from  the  Sterling  mines,  N.  Y.,  containing  1.75  per  cent,  of 
P  Oj  (corresponding  to  0.764  of  phosphorus),  and  in  round 
numbers  59  per  cent,  of  metallic  iron.  In  this  ore  the  ratio 
of  phosphorus  to  100  of  iron  was  1.28. 

Experiraent  B. — Sterling  ore  was  used  alone;  the  fluxes 
added   were    silica,    alumina,  lime    and    magnesia,  practically 
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pure.  Some  powdered  white  ordinary  glass  (soda-glass)  was 
added  to  promote  fusion.  We  obtained  a  button  (147  grammes) 
which,  according  to  the  analysis  made  (as  were  all  those  which 
follow)  by  the  late  Dr.  Gideon  Moore,  of  New  York  city,  con- 
tained : 

Per  cent. 

Graphitic  carbon, 2.9S) 

Combined       " 0.18 

Total  " 3.17 

Phosphorus, 1.125 

The  iron  was  Xo.  2  gray,  fairly  good  and  strong. 

Experiment  C. — In  this  experiment  the  same  Sterling  ore  was 
used,  but  it  was  mixed  in  the  proportion  of  3  Sterling  to  1  of 
titaniferous  ores  from  the  Adirondacks,  containing  some  18  to 
20  per  cent,  of  titanic  acid;  phosphorus,  0.017;  sulphur, 
0.0236 ;  and  practically  the  same  amount  of  iron  as  the  Ster- 
ling (57.90  against  59  per  cent.).  Enough  phosphate  of  lime 
was  added  to  the  mixture  to  bring  the  percentage  of  phos- 
phorus up  to  that  of  Experiment  B,  that  is,  to  a  ratio  of  1.28 
P  to  100  Fe.  We  obtained  a  button  (147  grammes),  to  all  ap- 
pearances of  the  same  grade  (l^o.  2  gray)  as  in  the  case  of  the 
Sterling  ore  smelted  alone,  but  it  proved  quite  strong  and 
tough,  and  required  several  blows  of  a  heavy  hammer  to  be 
broken  on  an  anvil.     It  analyzed  as  follows: 

Per  cent. 
Graphitic  carbon,     .........     3.51 

Combined       " 0.33 

Total  " 3.87 

Phosphorus,     ..........     1.2_9 

Titanium,         ....         ......     0.35 

The  fluxes  used  were  the  same  as  in  Experiment  B,  and  the 
same  quantity  of  powdered  glass  was  added.  iSTot  only  was  the 
grade  of  iron  not  lowered  by  the  addition  of  titaniferous  ores, 
but  the  analysis  proved  that  the  button  C  contained  much  more 
total  carbon,  the  excess  being  mostly  in  graphitic  carbon.  In 
preceding  experiments  with  these  same  titaniferous  ores,  either 
in  the  blast-furnace  or  in  the  crucibles,  under  ordinary  con- 
ditions, we  had  obtained  white  or  rather  light  steel-gray  iron 
of  the  following  composition : 

Per  cent. 

Silica, 0.35 

Combined  carbon, '  2.55 

Graphitic       " 0.23 

Total  " 2.78 
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And  in  another  case  : 

Per  cent. 

Silica, 0.29 

Manganese, .0.34 

Total  carbon  (mostly  combined),     ......     4.56 

The  two  following  experiments,  D  and  E,  were  made  with  a 
phosphoric  mixture  prepared  by  adding  to  the  same  Sterling 
ore  a  suificient  amount  of  phosphate  of  lime  to  bring  up  the 
percentage  of  phosphorus  to  2.045  (from  actual  analysis  made). 
The  mixture  contained  57.83  per  cent,  of  metallic  iron;  ratio 
of  phosphorus  to  100  iron,  3.53.  The  experiments  were  made 
simultaneously  in  crucibles  placed  side  by  side  in  the  same  fur- 
nace, exposed  to  the  same  firing  for  the  same  length  of  time, 
and  removed  at  the  same  time. 

Experiment  D, — In  this  experiment  the  phosphoric  Sterling 
ore  was  used  alone  with  the  phosphate  of  lime.  The  fluxes 
were  the  same  as  before,  but  no  glass  was  added.  The  compo- 
sition of  the  slag  Avas  approximately : 

Per  cent. 

Silic<a, 44 

Alumina,  .         .         . 18 

Lime, 28 

Magnesia, 10 

We  obtained  a  button  (72  grammes)  of  N'o.  2  gray  iron, 
lighter  if  anything  than  button  B  (Sterling  alone),  of  a  flue 
close  grain,  but  quite  weak,  breaking  at  the  first  blow.  It  con- 
tained 2.862  per  cent,  of  phosphorus. 

Experiment  E. — In  this  experiment  the  mixture  consisted  of 
80  grammes  phosphoric  Sterling  ore  (P,  2.045 ;  Fe,  57.88)  and 
40  grammes  of  Adirondack  ore,  containing  P,  0.023;  Fe, 
57.691,  to  which  was  added  enough  of  phosphate  of  lime  to 
bring  up  again  the  percentage  of  phosphorus  in  the  mixture 
to  2.045,  Lc,  to  make  the  ratio  of  phosphorus,  to  100  of 
iron,  3.53. 

The  fluxes  used  were  exclusively  silica,  lime,  magnesia, 
alumina,  and  a  highly  titaniferous  slag  which  we  had  on  hand, 
containing  38  per  cent,  of  titanic  acid,  and  some  14  per  cent,  of 
silica,  with  only  lime,  magnesia  and  alumina  as  bases.  The  re- 
sulting slag  had  an  approximate  composition  of: 
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Per  cent. 

Silica, .     36 

Titanic  acid, 14 

Alumina, 19 

Lime,     .         ,         .         .         .         .         .        .         .         •         .23 

Magnesia, 8 

Phosphoric  acid,    .........       0.336 

The  button  weighed  70.89  grammes.  It  was^N'o.  1  Foundry, 
gray,  large-grained,  containing  much  graphitic  carbon  (3.98) 
and  very  little  combined  carbon.  It  showed  on  analysis  3.229 
per  cent,  of  phosphorus  and  0.47  of  titanium.  It  was  strong 
enough,  notwithstanding  this  abnormal  amount  of  phosphorus, 
to  stand  several  blows  before  breaking.  In  this  case  both  the 
grade  of  the  metal  and  the  amount  of  graphitic  carbon  it  con- 
tained were  higher  than  in  Experiment  D  and  even  higher  than 
in  Experiment  C  made  with  a  less  highly  phosphoric  mixture 
and  a  smaller  proportion  of  titanic  ore. 

The  curious  fact  brought  out  by  these  experiments  is  the  pe- 
culiar influence  which  the  presence  of  phosphorus  seems  to 
have  exerted  on  the  state  of  the  carbon  in  the  pig-metal  ob- 
tained from  mixtures  of  phosphoric  and  titanic  ores. 

From  the  titaniferous  ores,  used  alone,  a  metal  characterized 
by  a  large  amount  of  combined  carbon  would  have  been  nor- 
mally expected,  and,  a  j^riori,  one  woukl  suppose  that  the  addition 
of  25  per  cent,  of  such  ores  to  phosphoric  ores  yielding,  when 
smelted  alone,  a  No.  2  gray  pig-metal,  ought' to  lower  the  grade 
of  the  resulting  iron.  But  the  amount  of  graphitic  carbon  was 
greater  in  C  (titanic)  than  in  B  (phosphoric)  with  a  percentage 
of  from  1.12  to  1.22  of  phosphorus  in  the  metal  in  both  cases. 
Furthermore,  we  lind  that  vmder  the  same  conditions  of  treat- 
ment while  a  highly  phosphoric  ore  used  alone  yielded  a  but- 
ton of  a  No.  2  light  gray  iron,  the  same  ore,  mixed  with  38|- 
per  cent,  of  titanic  ore  yielded  a  metal  containing  the  large 
amount  of  3.89  per  cent,  of  graphitic  carbon,  and  strong, 
though  containing  3.225  per  cent,  of  phosphorus — an  abnor- 
mal percentage,  purposely  chosen. 

In  short,  while  titanium  in  an  iron-ore  (at  least  under  the 
conditions  observed  in  smelting  these  ores  hitherto)  has  a  ten- 
dency to  throw  the  carbon  in  the  metal  into  the  combined 
state,  the  presence  of  a  considerable  amount  of  phosphorus 
simultaneously  with  titanium,  in  a  mixture,  modifies  the  con- 
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(litions  of  existence  of  the  carbon  to  the  extent  of  throwing 
it  almost  all  into  the  graphitic  state,  this  eftect  being  the 
greater  the  more  phosphoric  the  mixture,  and  the  greater  the 
proportion  of  titaniferous  ores  used. 


Standard  Physical  Tests  for  the  Product  of  the  Blast- 
Furnace,  and  their  Value. 

BY  THOMAS   D.    WEST,    SHARPSVILLE,    PA. 

(Pittsburgh  Meeting,  February,  1896.) 

The  occasional  reports  of  progressive  furnace-men,  giving  the 
results  of  physical  tests  to  prove  the  superior  qualities  of  their 
pig-irons,  have  encouraged  the  writer  to  believe  that  the  time 
is  ripe  for  the  discussion  of  such  work,  and  the  inauguration 
of  some  correct  system  by  which  the  furnace-man  and  the 
founder  could  make  intelligent  comparison  of  the  elements  of 
strength,  deflection,  contraction,  and  chill  presented  in  pig- 
metal. 

In  most  cases  the  physical  tests  now  made  by  furnace-men 
define  but  one  quality  in  the  iron,  and  are  generally  too  vague 
to  permit  any  true  comparison.  For  example,  one  furnace- 
man  tells  us  he  can  punch  holes  in  his  cast-iron,  wishing  it  to 
be  inferred  that  the  iron  is  very  soft  and  strong.  Another  fur- 
nace casts  a  long  wedge,  the  thin  end  running  to  a  knife's 
edge,  which  is  supposed  to  prove  the  fluidity  of  the  iron,  for 
the  founder's  benefit.  Another  casts  in  square-cornered 
"  chills,"  to  define  the  hardness  or  softness  of  the  metal.  To 
the  writer's  knowledge  these  tests  are  not  advocated  by  their 
originators  as  suitable  for  standards ;  and  they  are,  to  his  mind, 
but  evidence  of  unrest  on  the  part  of  progressive  furnace-men, 
who  feel  that  something  should  be  done  in  the  line  of  physical 
tests. 

The  writer  knows  of  no  furnace-men  who  make  and  keep 
records  of  the  strength  of  their  iron  obtained  by  means  of  tests 
made  on  recognized  standard  testing-scales ;  but  he  does  know 
of  a  prominent  furnace-salesman,  who,  not  long  ago,  came  into 
possession    of  a  1-inch   square  bar   that  stood    1400    pounds 
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between  supports  12  inches  apart,  and  who  thought  this  result 
wonderful  until  he  was  informed  that  the  writer  had  surpassed 
such  a  strength  by  1100  pounds,  \\'ith  iron  from  the  salesman's 
own  furnace.  Is  there  any  article  of  common  use,  of  which  so 
much  should  be  known  and  so  little  is  known,  as  pig-iron  ?  I 
doubt  it.  The  selling  of  "  pigs  in  a  poke  "  can  be  greatly  im- 
proved, to  benefit  both  the  furnace-man  and  founder. 

It  is  true  that  we  have  some  irons,  such  as  ferro-silicon,  of 
which  physical  tests  would  prove  of  little  value  to  any  one ;  but 
this  is  no  reason  why  we  should  not  advance  in  the  direction 
of  practical  benefit  to  all  concerned. 

I  believe  all  will  admit  that  true  progress  in  making  and 
mixing  cast-iron  dates  from  the  time  the  maker  and  user  of 
pig-metal  commenced  the  use  of  chemistry.  All  who  have 
closely  followed  the  history  of  chemical  combined  with  physi- 
cal tests  for  the  past  two  years,  will  confess  that  they  mutually 
aid  each  other,  the  former  telling  the  constituents  of  iron,  and 
the  latter  the  eftect  which  their  combination  produces. 

The  writer  claims  that  progress  in  the  science  of  either  mak- 
ing or  mixing  iron  requires  the  study  of  the  physical  as  well 
as  the  chemical  properties. 

Two  years  ago,  when  few  furnaces  making  foundry-iron,  or 
foundries  using  it,  Avere  utilizing  chemistry,  the  writer  pre- 
dicted it  would  not  be  long  ere  the  furnaces,  at  least,  would  all 
have  laboratories.  This  has  largely  come  to  pass ;  and  the  writer 
believes  it  will  not  be  long  before  all  will  take  the  same  interest 
in  the  question  of  physical  tests  as  is  now  taken  in  chemical 
ones.  There  is  certainly  a  great  deal  to  be  learned  by  combin- 
ing these  two  lines  of  inquiry.  Many  erroneous  ideas  now 
entertained  will  be  corrected ;  and  the  furnace-man  will  often 
find  a  knowledge  of  the  physical  properties  of  his  iron  before 
it  left  his  yard,  a  means  of  self-protection,  in  enabling  him  to 
laj'^  the  blame  of  subsequent  failure  at  the  founder's  door. 

It  is  not  the  purpose  of  this  paper  to  discuss  all  the  qualities 
to  be  investigated ;  but  to  show  that  there  are  such  qualities, 
the  writer  will  call  attention  to  one  in  particular. 

It  is  generally  known  that  low  shrinkage  and  contraction  arc 
excellent  qualities  in  pig-iron ;  and  we  often  hear  Lake  Supe- 
rior ores  spoken  of  as  making  "  high-shrinkage  iron."  Why 
should  they  be  ditferent  from  any  other  ore  in  this  respect? 
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Why,  of  two  irons  giving  the  same  cliemical  analysis,  shouhl  one 
show  greater  shrinkage  and  contraction  than  the  other — if  such 
is  the  fact  ? 

These  are  questions  surely  worthy  of  research,  and  not  to  be 
investigated  without  physical  tests.  All  experienced  in  iron- 
work will  admit  that  it  would  greatly  enhance  the  value  of  cast- 
ings in  steel  or  iron,  and  make  it  practicable  to  produce  durable 
castings  that  cannot  be  attempted  at  present,  could  cast-iron 
have  its  greatest  evils,  shrinkage  and  contraction,  decreased. 
W}\o  can  tell  what  may  not  be  discovered  in  this  line  by  fur- 
nace-men, installing  physical  tests  in  their  laboratories  ?  There 
is  a  difference  of  opinion  as  to  whether  chemical  analysis  will 
permit  physical  qualities  to  be  truly  estimated.  I  do  not  wish 
at  present  to  commit  myself  positively  on  this  point;  but  I  will 
say  that,  by  reason  of  discoveries  which  I  have  made  in  con- 
ditions which  are  controllable  in  changing  the  physical  charac- 
ter of  iron,  my  inclination  is  to  believe  that  chemistry  will  per- 
mit the  physical  properties  to  be  closely  estimated,  when  we 
advance  sufRciently  to  possess  true  knowledge  of  the  conditions 
which  control  the  physical  effects. 

I  know  of  no  better  place  to  obtain  by  experiment  a  knowl- 
edge of  the  numerous  elements  affecting  the  physical  properties 
of  cast-iron  than  right  where  the  iron  is  made. 

I  cannot  conceive  of  any  one  disputing  the  value  of  physical 
tests  in  the  laboratory  connected  with  a  blast-furnace ;  and  in 
accordance  with  this  conviction,  I  respectfully  present,  for  the 
consideration  of  all  interested  in  this  work,  a  few  ideas  and  plans 
which  I  believe  to  be  based  upon  correct  principles,  and  able 
to  stand  the  test  of  criticism  and  experiment.  My  suggestions 
and  methods  are  offered  freely  to  any  who  may  wish  to  adopt 
them. 

The  importance  of  a  correct  standard  system  for  such  tests, 
as  making  comparison  possible  between  different  furnaces,  or 
the  same  furnace  at  different  times,  is  self-evident.  The  records 
of  standard  tests  are  always  comprehensible  and  available  for 
reference  long  after  their  immediate  occasions  have  passed; 
whereas  irregular  tests  tell  an  imperfect  story  to  begin  with, 
and  tell  it  for  one  occasion  only.  If  strength-tests  are  made  on 
a  2-inch  bar  at  one  place,  on  a  1  by  2-inch  bar  in  another,  etc., 
or  if  contraction  is  taken  from  bars  differing  in  sizes  from  those 
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of  which  the  manager  has  any  record,  his  past  experience  and 
records  will  be  of  very  little  vajue  for  reference  or  comparison, 
and  he  must  commence  anew  to  build  up  records,  renew  his 
studies,  and  lose  much  time  before  he  can  get  to  the  point  at 
which  he  would  have  started,  had  he  been  able  to  utilize  his 
own  past  records  and  those  of  others. 

Money  and  trouble  are  sure  to  be  saved  to  the  owners  of  fur- 
naces and  foundries  by  the  adoption  of  standard  tests  and  the 
keeping  of  complete  records  thereof;  because  every  concern 
must  at  some  time  or  other  install  a  new  manager,  and  serious 
losses  are  often  incurred  before  a  new  man  gets  a  good  hold  of 
all  the  reins.  It  is  to  the  interest  of  all  owners  of  plants,  to  aid 
him  as  far  as  possible,  by  furnishing  him  with  intelligible  rec- 
ords of  past  research  and  experience. 

Finally,  it  is  only  when  the  facts  to  be  discussed  are  stated 
in  a  form  understood  by  all,  and  permitting  their  proper  com- 
parison and  the  estimation  of  their  relative  pertinence  and 
weight,  that  scientific  debate  in  technical  journals  or  associa- 
tions is  practicable  and  most  profitable. 

The  advisability  and  value  of  a  standard  are  thus  clear. 
Whether  that  proposed  in  this  paper  be  acceptable  or  not,  the 
writer  is  deeply  interested  in  the  establishment  of  some  correct, 
convenient,  and  practicable  method,  and  would  do  his  part  to 
inaugurate  any  other  system  that  could  be  proved  to  possess 
these  features. 

It  is  well  known  that  the  writer  is  an  advocate  of  the  round 
test-bar,  cast  on  end,  and  has  published  several  illustrated  pa- 
pers discussing  that  form.*     The  statements  and  illustrations  of 


*  To  avoid  the  necessity  of  repeated  citations,  the  following  list  of  the  writer's 
former  papers  is  here  given,  for  the  use  of  those  who  may  desire  to  study  more 
fully  the  views  suggested  in  the  present  paper  : 

"The  Erratic  Square  Test-Bar,"  read  before  the  Foundrymen's  Association, 
at  Philadelphia,  May  3,  1891,  and  published  in  the  Iron  Aye  and  in  the  Iron  Trade 
Review  of  May  10,  1891. 

"Round  vs.  Square  Test-Bars,  and  the  Utility  of  Transverse,  Tensile,  Crushing 
and  Impact-Tests,"  read  before  the  Western  Foundrymen's  Association,  at  Chi- 
cago, May  16,  1894,  and  published  in  the  Iron  Aye  and  in  the  Iron  Trade  Review  of 
May  24,  1891. 

"Comparisons  of  Strength  in  Specialty-Mixtures  of  Cast -Iron,"  read  before  the 
Western  Foundrymen's  Association,  October  18,  1891,  and  published  in  the  Iron 
Age  and  in  the  Iron  Trade  Review  of  November  1,  1894. 

"Specific  Gravity  and  Physical  Tests  of  Cast-iron,"  read  before  the  Iron  and 
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this  paper  are,  however,  new,  thous^h  partly  in  line  with  what 
he  has  presented  elsewhere  on  the  subject  of  testing;  and  the 
suggestions  here  made  will  be  found  of  value,  not  only  for  the 
furnace-man,  but  also  for  the  founder,  and  all  persons  interested 
in  the  subject  of  east-iron. 

The  first  point  I  Avisli  to  mention,  is  the  value  of  re-melting 
samples  of  the  furnace-casts.  The  occasional  re-melting  of  sam- 
ples of  casts,  in  a  small  cupola,  cannot  but  aid  the  advancement 
of  research,  and  serve  as  a  check  on  chemical  analysis,  and  often 
as  a  protection  to  the  furnace-man,  by  enabling  him  to  learn 
what  the  founder  can  do  in  changing  the  character  of  iron  after 
it  has  left  the  furnace-yard.  A  little  cupola  will  also  often  be 
convenient  for  casting  small  pieces  for  repairs  that  may  be 
needed  between  the  furnace-casts,  or  when  a  furnace  is  out  of 
blast. 

A  furnace-man  is  often  not  informed  of  complaints  concern- 
ing his  iron  until  it  has  been  all  melted  up ;  and  then  he  has 
generally  no  remedy  other  than  to  inspect  the  castings  claimed 
to  have  been  made  from  the  iron  complained  of.  As  a  founder, 
I  know  there  are  ways  in  which  the  original  character  of  pig- 
metal  can  be  so  altered  in  the  cupola  as  to  place  upon  the 
furnace-man  the  blame  for  bad  results  for  which  he  is  not  justly 
responsible.     In  such  cases,  the  re-melting  of  a  sample  by  him 


Steel  Institute  at  Birmingham,  England,  August  20,  1895,  and  published  in  the 
Iron  Trcule  licvietv,  Septembers,  1895;  also  remarl^s  in  discussion  of  the  subject 
before  the  American  Society  of  Mechanical  Engineers,  in  December,  1894,  pub- 
lished in  vol.  xvi.  (1895)  of  the  Transactions  of  that  society,  p.  571. 

"Contraction  vs.  Strength  of  Cast-Iron,"  read  before  the  Foundrymen's  Asso- 
ciation, September  4,  1895,  and  published  in  the  Iron  Age  and  in  the  Iron  Trade 
Review  of  September  12,  1895. 

"Stretching  Cast-Iron,  and  Elements  Involved  in  its  Contraction,"  read  before 
the  AVestern  Foundrymen's  Association,  November  20,  1895,  and  published  in  tlie 
Iron  Trade  Review,  November  28   1895. 

"Segregation  of  Iron  at  the  Furnace  and  Foundry,"  read  before  the  Foundry- 
men's  Association,  December  4,  1895,  and  published  in  tlie  Iron  A(je  and  in  the 
Iron  Trade  Review,  December  12,  1895. 

Also  the  following  articles  : 

"Plans  and  Methods  Necessary  for  Obtaining  Comparative  Physical  Tests  for 
Cast-Iron,"  published  in  the  American  Machinist,  August  30,  1894. 

"Notes  on  Relative  Tests  for  Cast-Iron  and  Methods  of  Testing,"  published  in 
the  American  3Iachinist,  November  1,  1894. 

"Jugglery  in  Testing  Cast-Iron,"  published  in  the  Iron  Trade  Revieiv,  March 
28,  189}. 
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might  at  once  exonerate  him.  The  expense  of  a  small  sample- 
cupola  need  not  frighten  any  furnace-man ;  he  can  erect  one 
for  $20.  In  fact,  the  writer  erected  one,  which  went  into  blast 
January  17, 1896,  which  did  not  cost  $6,  and  took  but  seven 
hours'  labor  of  one  man  from  the  time  ground  was  broken  until 
the  bottom-  and  top-filler  were  at  work.  A  cast  was  made  in 
ten  minutes  after  the  iron  was  charged.  This  cupola  was  made 
of  an  old  shell,  12  inches  in  diameter  and  30  inches  long,  which 
was  being  kicked  around  our  foundry-yard.  It  had  been  used 
a  few  years  back,  in  an  industrial  street-parade,  for  casting  horse- 
shoes, which  were  thrown  to  the  people  as  the  wagon  rolled 
along,  the  blast  being  furnished  by  means  of  an  old  pair  of 
hand-bellows.  If  iron  could  be  melted  under  such  conditions, 
in  such  a  baby-cupola,  no  one  need  hesitate  to  believe  that  it 
could  be  conveniently  done  in  a  small  cupola  at  a  blast-furnace, 
where  all  the  blast  required  could  be  steadily  supplied. 

The  following  record  gives  chemical  and  physical  tests  of  a 
furnace-cast,  taken  January,  18, 1896,  at  the  Spearman  furnace, 
Sharpsville,  Pa.,  and  presents  one  form  for  such  records  : 

Physical  Tests  of  Furnace-Iron  Taken  January  18,  1896. 


No.  of  Test.       Comrac- 

Deflec- 
tiuii. 

Strength. 

Fluidity. 

Chill. 

Diameter 
of  Bar. 

Strength 
persq.in. 

L 

Inch. 

Inch. 
0.12 

Pounds. 
2.0J 

Inches. 

^ 

Not  taken. 

Inch. 
1.194 

Pounds. 
2054 

Physical  Tests  of  Cupola-Iron. 


,  ~    ,        Contrac- 
^o.  of  Test.     '      iio,i_ 

■ 

Deflec- 
tion. 

strength. 

Fluidity. 

Chill. 

Diameter 
of  Bar. 

Strength 
per  sq.  in. 

'     Inch, 
2  b\ 

Inch. 
0.08 

Pounds. 
2220 

Inches. 
5 

Not  taken. 

Inch. 
1.242 

Pounds. 
1907 

Analysis  of  Furnace-Iron. 

Analysis  of  Cupola-Iron. 

Silicon. 

Sulphur. 

Silicon. 

Sulphur. 

Per  cent. 
1.02 

1 
Per  cent. 
0.U34 

Per  cent. 
0.81 

Per  cent. 
0.05G 

Note. — The  number  of  inches  given  under  "  fluidity  "  in  this  record  is  directly 

measured  on  tlie  fluidity  strip,  seen  at  S  in  Figs.  9  and  12. 
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The  recent  advance  of  chemistry  in  the  art  of  founding,  and 
the  development  of  practical  methods  to  assist  accuracy  in  the 
grading  and  mixing  of  pig-metal,  have  greatly  increased  the 
certainty  of  obtaining  desired  results  in  castings  over  that  which 
existed  two  years  ago. 

The  writer  claims,  that,  if  the  furnace-man  furnishes  a  cor- 
rect analysis  of  a  well-mixed  iron,  which  has  been  checked  by 
physical  tests  at  the  furnace,  and  the  founder  or  user  accepts 
the  same,  the  furnace  should  be  relieved  of  further  responsi- 
bility. 

The  day  is  past  for  tolerating  the  blind,  ignorant  practice 
which  we  foundrymen  followed,  a  few  years  back,  in  mixing 
iron.  The  wonder  is  that  we  ever  "  hit "  what  we  wanted, 
when  we  consider  how  deceptive  is  the  fracture  of  pig-metal 
as  guide  to  its  true  "  grade."  I  am  aware  that  only  about  one- 
tenth  of  our  present  founders  have  kept  up  with  the  progress 
of  utilizing  chemistry  in  mixing  their  iron;  nevertheless,  I 
say,  when  the  furnace-man  has  done  his  part,  let  the  founder 
study  to  do  his  by  calling  chemistry  to  his  aid,  or  else  get  out 
of  the  business  and  stop  his  growling  about  "  bad  iron." 

There  is  no  "  bad  iron."  All  can  be  utilized  in  some  class 
of  work  or  other.  All  that  is  wanted  is  a  knowledge  of  its 
chemical  and  physical  properties ;  and  when  the  furnace-man 
and  founder  understand  these  as  they  should  do,  pig-iron  ot 
any  grade  or  quality  need  never  be  shipped  in  the  wrong 
direction.  It  is  simply  a  question  of  "  carding  the  car " 
right,  to  have  a  furnace-man  clean  his  yards,  and  have  no 
complaint  about  his  iron,  however  "  bad  "  he  may  occasionally 
make  it. 

The  foundr^'-iron  of  the  above  analysis  is  an  excellent  grade 
to  make  a  machinable,  strong  casting  for  very  heavy  work, 
such  as  should  not  be  under  3  inches  thick  in  its  lightest  part, 
if  all  pig  be  used ;  but  if  the  furnace-man  gets  the  wrong 
shipping-card  on  the  car,  and  some  unprogressive  founder  re- 
ceives the  iron,  and  because  it  may  look  "soft"  or  "open- 
grained,"  tries  to  mix  one-third  scrap  with  it,  for  light  or  medium 
castings,  he  abuses  the  furiuice-man  because  his  castings  crack 
and  come  out  "  white  iron." 

The  cupola  illustrated  in  Fig.  1  is  the  smallest  I  know  of, 
now  used  for  practical  purposes.     Before  taking  a  "  heat "  out 
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Fig.  I. 


BABY-  CUPOLA. 
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Iron  Cliill-iiKiuld,  iind  Spociiueii  for  Contniction-tcst. 


Cross-sections  uf  (  liill-nioukls. 


LonLntudinal  Section  of  Cliill-mould. 


Fig.  5. 


Fig.  6. 


Mould  Ready  for  Castiiiji 
Fig.  7. 
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Flask  and  I!a)-. 


MicronictOr,  Claiiii)  and  Cliill. 


ISeclion  of  Mould. 


Fig.  11. 
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Doiihlc  Tv'st  l)iirs,  Patterns  and  Castiiif^. 
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Fig.  10. 
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Single  Test-bar  Flask. 
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of  this  babj-ciipola,  there  was  but  one  point  that  I  felt  doubtful 
about  in  practice  with  such  a  small  size  for  the  work  I  intended 
it  to  perform,  and  that  was,  whether  it  would  increase  the  sul- 
phur, by  re-melting,  more  or  less  than  is  done  on  an  average  in 
the  large  cupolas  commonly  used. 

Owing  to  records  kept  at  our  foundry  for  the  past  three  years 
of  the  analyses  of  the  pig-metal  that  goes  to  make  exacting 
work  (in  which  only  shop-scrap  can  be  utilized),  and  of  the 
castings  produced,  we  are  enabled  to  judge  fairly  of  the  increase 
of  sulphur  by  re-melting.  I  am  pleased  to  say  that  the  increase 
in  sulphur  caused  by  re-melting  in  the  baby-cupola  cannot  be 
regarded  as  any  higher  than  would  result  from  re-melting  in 
large  cupolas.  If  anything,  it  is  a  little  below  what  might  be 
expected  with  fair  coke  and  such  iron.  This,  I  would  say, 
is  due  to  the  iron  not  remaining  in  the  baby-cupola  as  long  as 
in  ordinary  foundry-cupolas. 

The  longer  iron  remains  in  a  semi-molten  state  incased  in 
coke,  the  more  will  its  sulphur  be  increased ;  while,  of  course, 
the  higher  the  sulphur  in  the  fuel,  the  more  is  absorbed  by 
the  iron  in  re-melting. 

The  reduction  of  silicon  in  re-melting,  is  the  greater,  the 
higher  the  melting-temperature  in  the  cupola,  and  the  longer 
the  metal  is  subjected  to  this  temperature. 

I  will  now  proceed  to  describe  a  system  of  testing  which  I 
installed  at  a  furnace  in  Sharpsville,  January  17, 1896,  in  which 
the  managers  took  great  interest,  and  which  they  are  using 
with  much  profit  to  themselves. 

The  outfit  includes  one  Olsen  transverse  testing-machine  of 
standard  make,  one  cupola,  two  flasks,  and  chill  pig-moulds 
with  a  test-bar  pattern  and  mould-board.  An  excellent  feature 
of  the  whole  equipment  is  that  it  need  not  cost  over  $100,  in- 
cluding the  testing-machine,  which  is  from  one  of  the  best 
builders  in  the  country.  The  price  of  such  an  outfit  is  no 
more  than  a  furnace  might  have  to  pay  for  freight  on  one  car  of 
condemned  iron. 

The  Cujyola. — Fig.  1  shows  the  cupola  used.  It  may  have  a 
"  drop  bottom,"  as  shown,  or  it  may  simply  rest  upon  a  plain 
plate,  and  be  tipped  by  hand  to  clean  it  out,  after  the  conclusion 
of  heats.  The  figure  itself  explains  all  details  necessary  to  the 
construction  and  charging  of  the  cupola. 
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The  blast  used  is  cold,  so  as  to  be  the  same  as  in  fouudry- 
prac'tice.  It  may  require  a  few  trials  to  find  out  what  pressure 
of  blast  will  give  the  best  results.  It  should  not  exceed  10- 
ounces  pressure  at  the  cupola,  and  will  be  found  generally  to 
work  best  at  from  6  to  8  ounces,  where  two  one-inch  tuyeres  are 
used.     With  larger  tuyere-area,  less  pressure  will  be  required. 

The  cupola  should  have  its  bed  of  coke  well  on  fire  before 
the  iron  is  charged,  and  the  latter  should  be  distributed  evenly 
all  over  the  surface  of  the  bed,  the  largest  pieces  being  placed 
in  the  middle. 

I  have  melted  one-quarter  of  a  common-sized  pig  all  down 
in  fifteen  minutes  from  the  time  it  was  charged.  This  is  men- 
tioned merely  to  show  that  the  baby-cupola  can  deal  very  rap- 
idly with  large  chunks  of  iron. 

The  melted  iron  should  be  held  in  the  cupola  until  one 
charge  is  thought  to  have  been  all  melted  down,  before  it  is 
tapped  out.  A  charge  of  iron  may  range  from  20  to  50  pounds ; 
and  several  charges  may  follow,  having  a  laye«  of  coke  between 
them,  from  4  to  5  inches  in  thickness.  For  a  heat  over  thirty 
minutes  long,  some  readily-fused  flux  ma}^  be  advantageously 
used  to  make  a  thin  slag,  which  could  be  run  off  at  the  tap- 
hole  or  at  a  slag-hole,  provided  for  the  purpose,  about  2  inches 
above  the  level  of  the  tap-hole.  If  but  one  charge  of  iron  is 
being  melted,  let  the  lowest  pressure  of  blast  found  permissible 
with  utility  be  left  on,  up  to  the  time  that  about  2  pounds  of 
melted  iron  runs  out  of  the  open  tap-hole.  After  this  flowing 
of  metal,  plug  up  the  hole  and  increase  the  blast-pressure  a  few 
ounces,  so  as  to  bring  down  the  iron  quick,  and  collect  it  in  a 
good  body,  which  will  maintain  its  fluidity  wliile  it  remains  on 
the  bottom-bed  before  being  tapped.  In  letting  out  the  fluid 
metal,  make  a  large  hole  and  have  a  warm  ladle  to  receive  the 
liquid  iron.  In  pouring  a  test-specimen,  be  sure  the  ladle  is 
well  skimmed,  to  prevent  any  dirt,  scum  or  oxide  from  passing 
into  the  mould. 

The  lining  used  for  the  cupola  is  simply  a  coating  of  fire-clay 
from  I  to  1  inch  thick.  It  could,  of  course,  be  lined  with  fire- 
brick; the  diameter  of  the  shell  being  proportionately  in- 
creased. 

The  baby-cupola  shown  is  one  which  experimenters  and 
college  instructors   could  well   use  for    giving   instruction  in 
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meltins:,  and  will  be  of  value  for  scientific  research  in  all  cases 
where  the  melting  of  small  masses  will  answer  all  practical 
purposes. 

Horizontal  Chill-Moulds  for  Measuring  Contraction. — In  ex- 
plaining the  operation  of  casting  the  test-specimens,  attention 
is  called  first  to  Fig.  2,  which  shows  a  perspective  view  of  the 
iron  chill  used,  and  the  specimen  obtained  therefrom  for  test- 
ing contraction.  Two  sizes  of  these  contraction  pig-moulds 
can  be  used,  or  only  one,  as  the  furnace-man  may  deem  best,  in 
following  out  experiments  and  tests,  as  described  later  on.  Fig. 
3  shows  cross-sections  through  the  middle  of  the  respective 
iron  moulds ;  and  the  larger  cross-section  shows  also  the  taper- 
ing-rule, D,  applied  at  the  end  of  the  mould,  to  measure  con- 
traction. It  will  be  noticed  that  the  thickness  of  these  minia- 
ture pig-moulds  or  chills  is  1  inch.  Any  variation  from  this 
thickness  would  aft'ect  the  depth  of  the  chill.  It  is,  therefore, 
necessary  that  care  should  be  exercised  to  have  always  the  same 
thickness  in  any.  standard  chill  pig-mould  which  might  be 
adopted.  The  writer  does  not  wish  to  be  understood  as  advis- 
ing records  to  be  taken  of  the  chill  from  the  test-specimens, 
except  in  cases  where  very  fine  results  are  desired ;  and  then 
note  must  be  taken  of  the  fluidity  of  the  metal  at  the  moment 
the  chill-specimens  are  poured.  This  is  done  in  the  writer's 
system  by  means  of  fluidity-strips  attached  to  test-bars,  as  at 
S,  in  Figs.  9  and  11,  and  also  in  Fig.  12.  These  strips  are  ^- 
inch  thick  at  the  base,  and  10  inches  long,  running  up  to  a 
knife-edge,  as  arranged  on  the  pattern  shown  at  U,  Figs.  6  and 
12. 

The  writer  has  clearly  shown  in  other  papers  how  sensitive 
a  chill  is  to  the  effect  of  any  change  in  the  fluidity  or  tempera- 
ture of  the  molten  metal,  and  the  necessity  of  noting  these 
conditions  before  any  value  can  be  attached  to  chill-records. 
The  hotter  iron  is  poured,  the  deeper  the  chill. 

In  Fig.  9  a  chill-piece  will  be  seen  at  B,  which  is  the  same  as 
shown  at  A,  Fig.  8,  and  is  |-inch  thick  by  3  inches  long,  and 
made  of  soft  steel.  Only  one  side  or  half  of  the  test-bar  is  here 
considered  in  measuring  a  chill  for  record.  For  iron  above  1.25 
per  cent,  silicon  and  no  higher  than  0.05  per  cent,  in  sulphur, 
the  system  of  obtaining  chill-records  indicated  in  Fig.  9  will 
work  verv  satisfactorily.     For  iron  lower  in  silicon  or  higher 
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in  sulphur,  it  may  be  often  necessary  to  have  a  larger  body  of 
iron,  in  order  to  prevent  a  specimen  being  chilled  all  the  way 
through.  In  such  cases,  chill-blocks,  as  shown  in  Figs.  2,  3  and 
4,  may  be  required  to  obtain  chill-records.  But  if  any  value  is 
to  be  attributed  to  the  chill-records,  the  fluidity  should  be  tested 
at  the  same  time,  by  the  means  shown  in  Fig.  9. 

Fig.  4  shows  a  longitudinal  section  through  the  chill  pig-mould 
of  Fig.  2.  The  well  at  B  is  provided  to  prevent  cutting  the 
mould  in  pouring,  and  to  cause  the  bar  to  pull  towards  one  end 
in  contracting,  so  as  to  permit  the  contraction  to  be  readily 
measured  by  means  of  the  tapering  rule,  shown  at  D.  This 
test-specimen,  being  12  inches  long,  provides  a  convenient 
length  for  measuring  the  contraction,  and  can  be  also  readily 
broken  to  note  its  fracture,  or  can  be  drilled  to  obtain  samples 
for  analysis. 

The  sections  in  Fig.  3  show  that  the  bottom-surface  of  the 
chill-mould  is  round,  possessing  no  corners  to  cause  any  one 
part  of  the  specimen  to  be  chilled  deeper  than  another  (thereby 
causing  internal  strains  and  preventing  natural  contraction  of 
the  iron,  owing  to  one  part  of  the  specimen  being  thrown  into 
higher  combined  carbon  than  another).  This  consideration, 
the  writer  believes,  will  cause  any  one  making  a  study  of  the 
subject  to  agree  with  him  in  advocating  the  principle  of  the 
round  chill. 

The  tapering  rule,  D,  Figs.  3  and  4,  is  graduated  on  one 
side,  as  shown,  to  measure  the  contraction  in  the  sixty-fourths 
of  an  inch.  The  rule  is  cut  off  on  the  small  end  at  a  point 
where  it  is  ^inch  in  thickness.  From  this  the  taper  runs  up  2 
inches,  at  which  point  it  measures  ^^-inch.  The  distance  be- 
tween the  ^Ig-  and  -j^g^-points  is  then  equally  divided  by  six  lines, 
as  shown,  so  as  to  read  to  the  -^  part  of  an  inch,  according  as 
the  space  of  contraction  will  permit  the  rule  to  be  inserted  be- 
tween the  chill-mould  and  the  pig-specimen,  as  shown.  The 
lines  being  |-inch  apart,  the  scale  can  be  easily  read ;  but  the 
rule  could,  of  course,  be  graduated  finer  if  desired. 

The  study  of  the  element  of  contraction,  as  it  can  be  defined 
from  the  pig-specimens,  will  prove  very  valuable,  and,  in  time, 
may  enable  a  tester  to  know  at  a  glance,  without  further  re- 
search, the  true  grade  of  an  iron.  It  may  eventually  be  a 
means  to  detect  deception,  which  is  now  known  to  exist  in  the 
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fracture  of  direct  metal,  and  also  to  learn  the  true  effects  of 
re-melting  iron,  and  wliicli  metalloids  eftect  the  greatest  con- 
traction in  the  iron. 

At  E,  in  Figs.  2  and  4,  will  be  seen  a  depression  of  about 
1  inch  below  the  top-surface  of  the  chill-mould.  This  is  to  pro- 
vide means  for  a  "  flow-oil',''  to  insure  the  chill-specimens  being 
always  of  the  same  thickness  and  prevent  an}'  iron  running 
over  the  edges  of  the  mould  to  retard  free  contraction  in  any 
manner.     The  chill-mould,  of  course,  is  set  level. 

By  using  together  the  chill-moulds  of  both  sizes,  as  shown 
in  Fig.  3,  an  excellent  illustration  will  be  afforded  of  the  reasons 
why  many  castings  crack  or  pull  apart,  owing  to  the  work 
being  badly  proportioned.  The  small  pig  test-specimen  will 
always  show  a  greater  contraction  than  the  large  one.  Such 
ill  results  in  cracks,  etc.,  are  often  placed  on  the  furnace-man's 
shoulders  by  claiming  that  he  had  sent  "  bad  iron."  Should  a 
furnace-man  not  care  to  use  these  two  sizes  of  chill-mould  at 
one  time,  he  may,  under  proper  conditions,  adopt  either  for 
constant  use.  In  the  case  of  very  low  grades  of  iron  it  might 
be  necessary  to  adopt  the  larger  chill-mould,  since  in  the  smaller 
one  the  iron  might  "  go  all  white." 

Test-Bars  Cast  on  End. — In  moulding  test-bars  for  determin- 
ino-  transverse  or  tensile  strength  or  the  deflection  or  stretch 
of  an  iron,  the  writer  has  devised  a  very  simple  design  of  a 
flask  and  one  which  would  not  require  a  $4-per-day  moulder 
to  make  the  mould.  Any  intelligent  laborer  can  be  taught  in 
a  very  few  minutes  how  to  mould  and  cast  such  bars  success- 
fully ;   and  it  can  be  easily  done  in  about  two  minutes. 

In  starting  to  mould  a  test-bar,  the  round  test-bar  pattern,  L, 
and  the  fluidity-strip  pattern,  U,  Fig.  6,  are  laid  in  the  recesses 
of  the  mould-board.  Fig.  7,  which  has  been  previously  solidly 
placed.  The  half-flask,  H,  Fig.  6,  is  then  laid  on  the  mould- 
board,  rammed  up  and  rolled  over,  and  then  the  cope  is  put 
on ;  clamps,  as  at  K,  Figs.  5  and  8,  having  been  put  on  to  hold 
the  two  parts  close  together  while  the  cope  is  being  rammed  up. 
Before  lifting  the  cope,  the  test-bar  pattern,  L,  is  pulled  out  end- 
wise. The  cope  is  now  lifted  oft";  the  fluidity-strip  pattern,  U,  is 
drawn  out;  the  cope  is  put  on  and  clamped;  and  the  mould  is 
up-ended  ready  for  casting,  as  seen  in  Fig.  5.  The  iron  cup, 
A,  Fig.  5,  is  used  for  the  purpose  of  providing  a  wide  funnel 
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to  pour  into  and  keep  the  dirt  from  passing  down  with  the 
iron.  The  slot  cut  in  the  iron  end  of  the  flask,  as  seen  at  E, 
Figs.  5  and  9,  is  to  prevent  the  iron,  as  the  mould  fills  up,  from 
rising  high  enough  to  touch  the  under-side  of  the  cup.  Should 
the  metal  in  coming  up  quickly,  as  it  does,  strike  the  under- 
part  of  this  cup,  an  explosion  would  occur,  to  make  the  iron 
fly  in  all  directions.  By  the  plan  devised  such  accidents  are 
prevented. 

In  cases  where  the  fluidity-  and  chill-tests  are  not  desired, 
and  a  plain  round  test-bar  only  is  wanted  (which,  for  general 
furnace-purposes,  will  serve  many  ends),  a  plain  round  pattern, 
as  at  L,  Fig.  6,  which  in  the  rough  is  1|  inches  in  diameter,  or 
in  fine  figures  1.1284  inches,  that  is,  equal  in  area  to  a  1-inch 
square  bar,  is  all  that  is  required.  It  is  Avell  to  have  the  lower 
end  of  this  pattern  made  a  little  pointed  for  about  f-incli  of  its 
length,  so  as  not  to  give  a  flat  sand  surface  for  iron  to  drop  on, 
to  "  cut  the  mould,"  as  in  the  case  where  the  bar  is  entirely 
square  on  the  end.  In  making  this  strictly  plain,  straight,  round 
bar,  the  cope  need  not  be  lifted  oflf,  as  the  pattern  can  be  pulled 
out  endwise  and  the  flask  immediately  u}:>-ended,  ready  for  cast- 
ing, in  less  time  than  it  takes  to  tell  it. 

Some  might  think  a  pattern  rammed  up  on  end  in  a  wooden 
box  would  answer  just  as  well.  To  do  this  and  not  have  any 
swells  on  the  bar  requires  considerable  care  in  ramming  the 
mould.  By  the  plan  here  presented,  no  more  time  is  required, 
and  there  is  every  assurance  of  obtaining  a  perfect,  even,  true 
round  bar,  free  of  all  swells  for  its  entire  length,  and  without  a 
joint-mark  or  flaw  in  it.  These  are  essential  requirements  for 
a  test-bar. 

Should  it  be  desired  to  cast  but  plain  bars,  without  the  at- 
tached fluidity-strips,  the  hole  in  the  end  of  the  flask,  as  at  'N, 
Fig.  9,  could  be  placed  in  the  center  of  the  flask  instead  of 
where  it  is  shown  in  the  figure. 

Fig.  10  is  a  sketch  .showing  all  the  dimensions  of  the  single 
test-bar  flask  shown  in  Figs.  5  and  6. 

In  moulding  the  bars,  have  the  sand  the  same  "  temper  "  at 
all  times,  as  far  as  such  is  possible,  and  endeavor  to  have  the 
ramming  done  to  the  same  degree  of  hardness.  The  result 
should  be  sufliciently  soft  to  permit  the  iron  to  lie  "  kindly  " 
to  the  mould,  without  bubbling  or  blowing,  as  the  metal  rises. 
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At  the  same  time,  the  degree  of  hardness  from  ramming  shoukl 
be  such  as  not  to  permit  the  head-pressure  in  casting  to  increase 
the  lower  end  of  the  bar  more  than  YL-inch  above  the  size  of 
the  pattern.  A  uniform  temperature  and  fluidity  in  the  metal 
before  casting  is  highly  important,  and  the  founder  should  be 
educated  to  judge  of  this  by  the  eye. 

The  micrometer  seen  at  P,  Fig.  8,  is  shown  as  applied  to 
the  measurement  of  a  bar  at  its  point  of  fracture,  for  comput- 
ing strength  per  square  inch,  when  fine  results  are  desired. 
This  is  important  in  obtaining  strength-records,  as  the  least 
variation  in  the  measured  diameter  of  a  bar  can  greatly  affect 
its  recorded  strength. 

Fig.  11  shows  a  single  bar  with  its  fluidity-strip,  S,  as  takcii 
from  a  mould.  Tlie  two  projections  shown  on  the  bar  in  this 
flo:ure  are  utilized  in  determining  the  contraction  of  such  bars, 
when  they  are  moulded  in  jointed  flasks. 

The  Simultaneous  Casting  of  Duplicate  Test-Bars. — Figs.  12, 
13  and  14  illustrate  the  design  of  flask,  mould-board  and  pat- 
terns for  moulding  and  casting  double  test-bars,  with  the  im- 
proved whirl-gate,  which  the  writer  has  not  heretofore  illus- 
trated. The  method  complete  is  one  which  the  testing- 
committee  of  the  Western  Foundrymen's  Association  has  lately 
used  with  the  greatest  success  in  obtaining  perfect,  solid  bars,  a 
difficulty  which  some  will  remember  was  experienced  with  the 
first  designs  tested.  The  plan  here  shown  Avill  enable  any  ordi- 
nary moulder  to  obtain  perfect  solid  bars,  wherever  two  bars 
are  desired  to  be  cast  together  at  the  same  moment,  and  out  of 
the  same  hand-ladle  of  iron. 

As  furnace-men  advance  in  the  work  of  physical  tests,  many 
may  desire  to  take  up  questions  which  the  single  cast  bar  will 
not  permit  of  investigating,  and  for  this  reason  the  writer  has 
illustrated  the  system  of  casting  double.  AVhether  the  exact 
plans  presented  in  this  paper  be  adopted  or  not,  the  princi- 
ples upon  which  they  are  based  cannot  be  ignored  in  the  at- 
tempt to  secure  true  physical  tests  at  the  furnace  or  foundry. 
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The  Effect  of  Expansion  on  Shrinkage  and  Contraction  in 

Iron  Castings. 

BY  THOMAS  D.  WEST,  SHARPSVILLE,  PA. 

(Contribution  to  the  Discussion  of  the  Physics  of  Cnst-Iron,  at  the  Pittsburgh 
Meeting,  February,  1896.) 

The  fact  that  iron  expands  when  heated,  until  fasion  takes 
place,  and  that  molten  iron  is  consequently  less  dense  than 
solid  iron  of  the  same  grade,  is  now  universally  admitted.  It 
was  proved  by  the  extensive  experiments  of  Mr.  Thomas 
Wrightson,  reported  in  the  Journal  of  the  Iron  and  Steel  Institute 
(1890,  No.  1,  p.  72,  and  1891,  No.l,  pp.  75, 109),  and,  in  a  manner, 
is  illustrated  in  heavy  founding  by  the  shrinkage  of  the  molten 
metal,  Avhich  must  be  "  fed  "  in  order  to  obtain  solid  castings. 

This  decrease  in  volume  requiring  "  feeding "  while  the 
metal  is  still  liquid  I  call  "  shrinkage,"  applying  the  term 
"  contraction "  to  the  decrease  in  volume  which  takes  place 
after  solidification,  while  the  iron  is  cooling  to  atmospheric 
temperature.  The  light-work  founder,  not  having  the  oppor- 
tunity to  make  heavy  castings,  in  which  shrinkage  can  be  ob- 
served, is  apt  to  confound  the  two ;  but  they  are  in  fact  dis- 
tinct, and  are  separated  by  an  act  of  expansion,  which  takes 
place  at  the  moment  of  solidification.  The  fact  of  this  expan- 
sion was  first  practically  demonstrated  by  Mr.  John  R.  Whit- 
ney, of  Philadelphia,  Pa.,  whose  experiments  are  recorded  in 
the  National  Car  and  Locomotive  Builder  of  May,  1889. 

Experiments  recently  made  by  the  writer  indicate  that  there 
is  a  constant  relation  between  this  expansion  and  the  preceding 
shrinkage  and  forcibly  demonstrate  the  necessity  of  "  feeding  " 
a  casting  to  make  its  interior  solid.  This  is  a  matter  with 
which  all  makers  and  users  of  castings  have  experienced  diffi- 
culty. The  founder  being  heretofore  unable  to  define  correctly 
the  principles  involving  the  urgent  necessity  of  "  feeding  "  has 
failed  to  impress  the  moulder  with  its  importance  in  making 
sound  castings. 
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Heavy-work  founders  and  moulders  know  that  hard  grades 
of  iron  shrink  much  more  than  soft  grades,  a  fact  for  which  no 
satisfactory  explanation  has  heretofore  been  given.  By  recent 
expansion-experiments  I  have  discovered  that  hard  grades  of 
iron  expand  more  at  the  moment  of  solidification  than  soft 
ones.     Fig.  1  is  a  diagram  recording  four  such  experiments. 


Fig.  I. 
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Diagram  from  automatic  records  of  expansion  and  contraction,  varied  by  addi- 
tions of  sulphur. 


The  manner  in  which  the  automatic  records  were  obtained 
will  be  described  further  on.  It  is  sufficient  to  say  at  present 
that  the  scale  of  inches  in  the  diagram  measures  the  length  of 
travel  of  the  pencils  on  the  long  recording-arms  of  the  appa- 
ratus employed,  not  the  actual  length  of  expansion.  The  end 
of  the  short  arm  of  each  lever,  recording  actual  expansion, 
travels  -^^2^  inch  for  1  inch  travelled  by  the  pencil,  and  the  length 
of  the  test-bars  being  48  inches,  1  inch  of  the  expansion-  or 
contraction-record  represents  an  actual  expansion  or  contraction 
of  3  in  1536,  or  0.195  per  cent.  For  the  purposes  of  these  ex- 
periments, however,  the  actual  expansion  or  contraction  was 
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not  required.  The  signiticiince  of  these  diagrams  is  qualitative 
and  comparative ;  and  for  this  use  of  them  the  reading  of  the 
pencil-travel  in  inches  is  accurate,  the  apparatus  and  operation 
being  the  same  in  all  the  tests  recorded.  AVith  this  explanation 
I  return  to  Fig.  1. 

In  each  of  the  four  casts  shown,  two  test-bars,  1  by  If  inches 
in  section  and  4  feet  long,  were  cast  "  open-sand  ^''  side  by  side 
in  the  same  mould.  Tests  Nos.  1,  3,  5  and  T  were  poured 
from  the  respective  ladles  which  brought  about  100  pounds  of 
the  iron  direct  from  the  cupola.  These  tests  comprised  the 
softest  iron  of  each  cast  and  had  the  least  expansion  and  con- 
traction, as  is  shown  by  the  diagram.  For  tests  Noe.  2,  4,  6, 
and  8  the  grade  of  the  iron  was  changed,  by  means  of  pouring 
about  half  of  the  hundred  pounds  contained  in  the  ladle  com- 
ing direct  from  the  cupola  into  an  empty  ladle,  the  bottom  of 
which  was  covered  with  about  |  of  a  pound  of  brimstone. 
The  metal  in  the  ladle  having  the  sulphur  was  then  agitated 
with  a  half-inch  wrought-iron  rod  until  fuming  ceased^  after 
which  all  dross  was  skimmed  from  the  surface,  when  each 
ladle  was  poured  into  its  respective  test-mould.  The  addition 
of  sulphur  hardened  the  iron  in  these  tests,  thereby  causing 
the  increased  expansion  and  contraction  shown  in  the  diagram. 

In  Fig.  2,  tests  Nos.  9  and  10  illustrate  another  discovery 
made  by  this  method  of  comparative  tests,  namely,  that  where 
free  expansion  is  prevented,  a  greater  contraction  is  effected. 

Test-bar  No.  9  was  cast  between  iron  ends,  so  arranged  that 
the  power  of  expansion  was  not  sufficient  to  extend  the  dis- 
tance between  them,  whereas  ISTo.  10  had  sand  ends  to  compose 
the  mould,  whi(;h  gave  full  freedom  for  expansion,  the  same  as 
in  all  the  other  tests  displayed  in  Figs.  1  and  2.  The  fact  that 
hard  grades  of  iron  expand  more  than  soft  ones,  and  the  fact 
that  retarding  expansion  gives  rise  to  a  greater  contraction  than 
where  free  expansion  is  permitted  are  important  as  suggesting 
for  works  making  such  specialties  as  chilled  rolls,  car-wheels, 
etc.,  in  which  heavy  losses  are  often  experienced  through  chill- 
checks  and  cracks,  the  advisability  of  adopting  expanding  and 
contracting  "  chills  "  wherever  such  may  be  practicable. 

Tests  Nos.  11,  12,  13  and  14,  in  Fig.  2,  illustrate  the  expan- 
sion and  contraction  of  difterent  sizes  of  bars  poured  in  pairs 
from  the  same  iron.     These  tests  show  that  large  bars  expand 
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SO  as  to  increase  their  interior  space  more  than  small  ones, 
thereby  calling  for  the  greater  "  feeding  "  in  massive  castings. 
These  tests  indicate  also  that  light  bars  contract  more  than 
heavy  ones,  an  element  not  to  be  overlooked  in  proportioning 
castings  so  as  to  avoid  internal  strains  as  far  as  practicable. 

The  writer's  "  open-sand  "  method  of  casting  test-bars  aiibrds 
the  means  of  making  comparative  tests  under  varied  conditions 
and  gives  an  excellent  opportunity  to  observe  characteristic 
phenomena  at  the  moment  of  solidification,  etc  In  casting 
test^bars  of  hard  iron,  a  pronounced  shrinkage  along  the  upper 
surface  is  often  noticed  during  the  period  of  expansion ;  and 
often  before  expansion  is  over  there  may  be  seen  through 
shrink-holes  at  the  hottest  part  of  the  bar  (namely,  at  the  point 
where  it  was  poured)  that  the  interior  is  still  licpiid,  showing 
that  it  is  not  necessary  that  the  whole  body  of  the  casting  shall 
solidity  before  expansion  takes  place.  In  this  phenomenon,  we 
perceive  also  the  simultaneous  action  in  the  casting  of  two 
opposite  tendencies ;  shrinkage  going  on  in  some  parts,  while 
expansion  is  occurring  in  others. 

It  is  the  general  impression  among  moulders  and  founders, 
that  the  hotter  the  iron  is  poured,  the  more  it  will  shrink,  that 
is,  the  more  the  casting  will  require  to  be  "  fed."  This  is  an 
error  into  which  the  moulder  has  fallen  by  reason  of  the  longer 
time  occupied  in  the  cooling  or  shrinkage  of  the  "  hot  "-poured 
metal,  and  consequently  the  longer  period  of  "  feeding."  The 
total  addition  of  iron  required  in  the  "  feeding-heads  "  is  no 
greater  with  "  hot- "  than  with  "  dull  "-poured  iron,  unless  the 
"  hot  "-poured  metal  has  more  largely  penetrated,  fused  or 
strained  the  walls  of  the  mould. 

I^umerous  experiments  have  failed  to  show  me  any  effect 
produced  upon  the  total  expansion  by  changes  in  the  tempera- 
ture of  the  metal  when  poured.  Such  an  effect  would  not  be 
naturally  expected,  since  the  expansion  begins  only  with  solidi- 
fication, and  the  temperature  of  solidification,  it  is  reasonable 
to  say,  is  always  the  same  for  the  same  grade  of  iron,  under 
the  conditions  of  these  tests ;  so  that,  however  "  hot  "  iron  may 
have  been  poured,  it  will  always  have  a  certain  temperature 
when  it  begins  to  expand.  It  is  this  independence  of  the  ex- 
tent of  expansion  as  regards  the  pouring-temperature  which 
constitutes  the  chief  ground  of  the  writer's  faith  that  expansion 
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may  be  employed  further  on,  when  more  is  known  of  it,  to  de- 
termine rapidly  the  grade  of  cast-iron  or  other  metals.  But  it 
is,  of  course,  clear  that  expansion  will  take  place  sooner  in  a 
"  dull  "-poured  har  than  in  a  "hot"  one;  and  again,  a  light 
body  will  ex[)and  more  quickly  than  a  heavy  one,  as  I  have 
proved  by  my  tests. 

The  length  of  the  period  of  expansion  varies  with  the  size 
of  the  casting.  The  more  massive  the  casting,  the  longer  the 
period  of  expansion.  For  the  bars  shown  in  Figs.  1  and  2,  the 
expansion  lasted  from  one-half  to  one  minute  in  the  smallest 
bars,  and,  in  the  largest  bars,  from  three  to  five  minutes. 

The  writer  would  like  to  learn  of  expansion-tests  made  upon 
steel  castings,  etc.  Since  steel  exhibits  about  twice  the  con- 
traction of  cast-iron  and  likewise  great  shrinkage,  there  is  rea- 
son to  expect  that  a  very  large  expansion  Avould  be  found  in 
steel,  at  the  time  of  its  solidification. 

The  relation  between  the  shrinkage  and  the  expansion  of 
solidification  may  now  be  indicated.  The  writer's  view  is  that 
the  apparent  shrinkage  of  liquid  metal  so  familiar  to  heavy 
founders  is  not  due  chiefly  to  a  change  in  the  specific  gravity 
of  the  liquid  metal  as  it  passes  to  a  solid  state,  but  largely  to 
the  eftect  of  the  expansion  of  the  solidifying  parts  of  the  cast^ 
ing.  That  is  to  say,  an  outer  shell  of  the  casting  being  first 
formed,  its  expansion  at  the  moment  of  solidification  necessa- 
rily enlarges  the  interior  space  to  be  occupied  by  liquid  metal ; 
and  either  additional  liquid  metal  must  be  applied  or  else  cavi- 
ties and  shrink-holes  will  be  found  in  the  interior  of  medium 
and  heavy  castings,  by  reason  of  the  progressive  accretion  of 
the  solidifying  metal  upon  the  parts  already  solidified.  Such 
cavities  would,  on  this  hypothesis,  be  likely  to  be  most  abund- 
ant in  the  portions  which  solidified  last ;  and  that  this  is  in 
fact  the  case,  is  often  proved  by  practice.  Cavities  are  very 
liable  to  occur  in  the  interior  of  massive  castings,  and  even 
when  castings  are  properly  proportioned,  the  portion  around  the 
"  gates,"  which  convey  the  metal  to  the  mould,  is  often  very 
likely  to  be  porous  or  to  exhibit  shrink-holes,  due  to  the  cir- 
cumstance that  the  metal  solidifies  last  at  these  points,  and  to 
the  attraction  of  solidifying  particles  to  the  already  solid  mass. 
This  hypothesis  explains  also  the  fact  that,  in  heavy  castings, 
poured  "  hot,"  shrinkage  is  not  often  exhibited  in  the  "  feeding- 
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heads "  until  long  after  the  ponring,  and  that  when  it  does 
commence  (which  is  not  before  some  expansion  has  taken  place, 
due  to  parts  solidifying),  it  is  often  so  rapid  as  to  require,  for  a 
short  period,  constant  additions  of  molten  metal. 

Expansion  at  the  moment  of  solidification  being  thus  the 
cause  of  shrink-holes  in  castings,  the  practice  (not  uncommon 
among  moulders)  of  placing  "  risers,"  not  much  larger  than 
lead-pencils,  so  to  speak,  on  massive  castings,  thinking  thereby 
to  make  them  solid,  is  to  be  discouraged  as  useless.  It  follows, 
moreover,  that  a  casting  should  be  "  fed "  until  expansion  is 
ended.  It  is  not  while  a  metal  looks  "  hot "  or  fluid  in  a  "  feed- 
ing-head "  that  attention  is  specially  necessary  to  secure  a  solid 
interior ;  it  is  when  the  metal  is  thickening  or  "  freezing  "  in 
the  "  feeding-heads  "  that  the  greatest  attention  should  be  paid 
to  the  "  feeding."  It  is  a  general  practice  among  moulders,  at 
present,  to  let  their  "  feeding-heads  "  "  bung  up,"  at  a  time  when 
the  greatest  effort  should  be  made  to  keep  them  open,  so  as  to 
insure  a  solid  casting.  It  is  at  this  time,  that  expansion  is 
taking  place,  to  enlarge  the  surface-area,  and  consequently  the 
interior  volume  of  a  casting,  thereby  causing  the  hottest  or 
most  fluid  portion  of  the  casting  to  be  robbed  of  metal,  which 
must  be  supplied,  in  order  to  prevent  shrink-holes  at  all  such 
points. 

According  to  the  view  here  presented,  it  \y\\\  be  also  easy  to 
understand  that  the  resistance  offered  by  the  mould  may  often 
affect  the  expansion  and  shrinkage  as  well  as  the  subsequent 
contraction.  Whether  the  power  of  expansion  is  as  great  as 
that  of  water  in  becoming  frozen,  is,  as  far  as  I  know,  undeter- 
mined. I  do  know  that  by  casting  between  iron  yokes  or  flask- 
ends,  the  longitudinal  expansion  of  the  bar  may  be  prevented, 
as  is  seen  in  Test  Ko.  9,  Fig.  2.  In  such  a  case,  of  course,  it 
is  natural  to  suppose  that  the  expansion  must  be  in  some  other 
direction,  and  it  may  increase  to  a  smaller  degree  the  interior 
space  necessary  to  be  supplied  with  molten  metal  by  feeding. 
The  heat-conducting  capacity  of  the  mould,  as  determining 
the  rate  of  solidification,  may  also  aflect  the  apparent  result. 
Thus,  a  casting  made  in  an  "  iron  chill  "  mould  may  show  less 
shrinkage  than  if  the  same  iron  had  been  poured  into  a  sand 
mould,  because,  in  the  latter  case,  the  solidifying  iron  could 
have  time   and  opportunity,  by  reason  of  the  nature  of  the 
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mould,  to  more  expand  it  outward,  thus  increasing  the  interior 
space  to  he  supplied  with  molten  metal  as  already  explained. 

To  return  to  the  fact  discovered  hy  the  writer,  that  hard 
grades  of  iron  expand  in  solidifying  more  than  soft  grades,  it 
may  he  said  that  this  is  contrary,  not  only  to  the  general  im- 
pressions, hut  also  to  the  current  explanation  of  the  fact  of 
expansion,  which  would  ascrihe  it  to  the  segregation  of  graphitic 
carbon.     If  this  were  the  controlling  cause,  we  should  expect 
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soft  irons,  which  exhibit,  after  solidification,  more  graphite,  to 
show  the  greater  expansion. 

The  formation  of  graphite  is  confessedly  promoted  by  silicon, 
and  hindered  hy  the  metalloids  which  "  harden  "  the  iron. 
When  these  metalloids  are  present  in  such  proportions  as  to 
overpower  the  effect  of  the  silicon,  combined  carbon,  instead 
of  graphite,  is  produced  in  the  solidified  metal,  and  the  indi- 
vidual grains,  crystals,  or  structural  elements  of  the  cast-iron 
are  consequently  smaller  and  more  densely  packed  in  hard  than 
in  soft  grades  of  such  iron.  Expansion  (and,  perhaps,  also 
contraction)  would  be,  therefore,  exhibited  by  a  larger  number 
of  such  structural  elements  in  a  given  volume  of  metal.  This 
may  explain  the  greater  expansion  shown  by  the  hard  grades 
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ill  Tests  IN'os.  2,  4,  6,  and  8  in  Fig.  1,  where  the  hirgest  per- 
centages of  the  antagonistic  constituents,  silicon  and  sulphur, 
are  presented. 

But  any  theory  on  the  subject  may  be  premature.  Far  more 
important  at  this  time  is  the  fact  itself,  which  aifects  so  directly 
our  foundry-practice.  I  attribute  the  failure  to  detect  it  here- 
tofore, to  the  circumstance  that  in  the  every-day  work  of  the 
founder,  the  expansion  of  soliditication  does  not  force  itself  upon 
his  attention.  The  shrinkage  of  the  liquid  mass,  requiring 
"  feeding,"  is  obvious  enough ;  and  so  is  the  final  contraction 
of  the  solid  mass,  for  which  allowance  has  to  be  made  in  the 
pattern.  But  the  intervening  expansion,  not  being  marked  by 
the  final  contraction,  has  been  overlooked. 

I  may  here  observe  that  the  tests  illustrated  in  Fig.  1  refute 
the  opinion  heretofore  advanced,  that  the  silicon-contents  of  an 
iron  can  be  defined  from  the  final  contraction  of  a  casting;  or 
test-bar.  In  all  the  bars  of  each  cast  in  Fig.  1  the  silicon  per- 
centage was  practically  constant.  The  variation  in  contraction, 
therefore,  certainly  justifies  the  assertion  that  the  amount  of 
silicon  cannot  be  thus  determined.  In  fact,  the  contraction  will 
simply  indicate  the  "  grade  "  of  an  iron  and  no  more.  The  metal- 
loids producing  this  "grade"  can  only  be  determined  by  analysis. 

The  "  grade  "  of  a  cast-iron,  as  I  use  the  term,  is  a  practical 
name,  familiar  to  heavy  founders,  though  perhaps  not  capable  of 
precise  scientific  definition.  It  is  characterized  by  the  degree 
of  hardness,  and  incidentally  by  accompanying  properties  of 
contraction  and  of  strength.  Within  the  range  of  ordinary 
foundry-practice,  sulphur  and  silicon  are  the  two  elements  most 
eft'ective  in  changing  the  "  grade  "  of  cast-iron — the  two  oper- 
ating with  contrary  tendencies,  and  1  part  of  sulphur  being 
equivalent  in  eftect  to  from  8  to  12  parts  of  silicon.  This  state- 
ment, ignoring,  as  it  does,  the  effect  of  other  metalloids,  is  not 
presented  as  comprehensive  and  exhaustive,  but  may  be  useful, 
nevertheless,  as  the  expression  of  the  practical  experience  of 
a  founder. 

It  has  been  maintained  that  it  is  difficult  to  make  cast-iron 
absorb  sulphur  and  that  the  founder  has  no  need  to  fear  sul- 
phur in  general  founding.  In  the  tests  shown  in  Fig.  1,  the 
amount  of  sulphur  in  the  iron  was  easily  increased  by  the 
method  described,  as  is  proved  by  the  subsequent  analysis.     At 
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all  events,  I  feel  sure  that  up  to  0.3  per  cent,  sulphur  can  l)e 
easily  present  in  cast-iron  containing  ahout  1.5  per  cent,  of  sili- 
con, Nvhicli  is  a  percentage  of  silicon  often  permissible  and 
practicable  as  a  maximum  in  light  castings,  where  the  sulphur 
can  be  kept  below  0.06  in  the  eastings  produced.  As  0.2  per 
cent,  of  sulphur  is  sutiicient  to  injure  or  ruin  almost  any  casting 
made  for  other  purposes  than  sash-weights,  the  ability  of  cast- 
iron  to  absorb  0.3  per  cent,  of  sulphur  forcibly  illustrates  the 
great  reason  which  the  founder  has  to  fear  sulphur  in  fuel  and 
high-sulphur  iron,  and  to  avoid  any  method  in  melting,  favor- 
able to  the  absorption  of  sulphur  by  iron  in  cupola-practice. 
These  considerations  are  applicable  also  to  the  making  of  iron 
in  the  blast-furnace. 

The  apparatus  used  for  obtaining  the  expansion-  and  contrac- 
tion-records, shown  in  Figs.  1  and  2,  is  shown  in  Figs.  3,  4,  5 
and  6.  It  was  designed  after  much  study  of  the  conditions 
necessary  for  automatic  record  of  the  expansion  and  contrac- 
tion of  test-bars,  and  also  for  the  highly  important  purpose  of 
simultaneous  comparative  tests. 

Tlie  figures  illustrating  this  apparatus  (which  is  freely  offered, 
for  use,  to  all  who  may  be  interested  in  the  matter)  will  be 
readily  understood  with  the  aid  of  the  following  explanation: 

In  Figs.  3  and  4  the  same  letters  indicate  the  same  parts, 
namely : 

A,  stationary  or  sliding  recording  face-plate  board;  B,  float; 
D,  float-receptacle  ;  E,  regulator,  giving  constant  head  of  water; 
F,  supporting  arm  for  the  water-supply  vessel;  II,  over-flow  pipe ; 
Iv,  L  and  M,  recording-arm  levers;  'N,  lead-pencil  recorder; 
0,  rubber-band  lever-supporter ;  E,,  curve-recording  face-plate 
board;  S,  slide-guides  for  recording  curves;  T,  revolving 
sheave-wheel  guide  and  support ;  U,  fulcrum  cross-bar ;  Y, 
supporter  of  fulcrum  cross-bar. 

In  Fig.  5  the  parts  are  indicated  by  letters  as  follows : 

A,  counterbalance  clock-weight;  B,  bed-plate,  securing  the 
base-board ;  N,  lead-pencil  recorder ;  I,  one-day  "  Pirate " 
alarm-clock ;  li,  curve-recording  face-plate  board ;  S,  removable 
casting-pin ;  T,  casting-pin ;  U,  fulcrum  cross-bar ;  V,  clock 
and  recording  face-board  connecting-shaft;  W,  casting-pin 
holder. 

In  Fig.  6  the  parts  are  indicated  by  letters  as  follows : 
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A,  expansion-  and  contraction-end  equalizer;  B,  spring-clasp; 
D,  flow-oft  recess ;  E,  spring-clasp  iron ;  F,  lever-fulcrum  bear- 
ing; H,  casting-pin  clasp-opening;  K,  removable  casting-pin. 

The  levers  of  this  apparatus  are  so  delicately  mounted  as  to 
be  moved  by  a  breath.  Those  shown  in  Fig.  6  are  of  improved 
form,  as  compared  with  those  in  Fig.  5.  As  already  stated,  for 
every  inch  travel  of  the  long  arm,  the  short  arm,  moved  by  the 
actual  expansion  or  contraction,  travels  -^  inch  in  the  straight 
line.  The  diagrams.  Figs.  1  and  2,  were  constructed  by  plot- 
ting the  sum  of  the  readings  given  by  the  pencils  at  the  two 
ends  of  the  apparatus  in  straight  lines,  and  consequently  give 
only  the  total  longitudinal  expansion  and  contraction,  without 
indicating  rate  or  alternations.  But  the  apparatus  can  be  em- 
ployed, with  the  aid  of  the  float  or  clock,  etc.,  shown  in  the 
figures,  to  record  curves.  For  a  straight  line  record  the  face- 
plate, A,  Figs.  3  and  4,  is  held  stationary.  To  obtain  curves, 
it  is  gradually  lowered  at  any  desired  rate  by  means  of  the 
float,  B,  in  the  receptacle,  D,  Fig.  4,  a  constant  head  of  water 
being  maintained  in  the  reservoir,  E,  by  a  supply  from  a  sus- 
pended vessel  at  F,  and  an  overflow-pipe,  H.  A  specially- 
arranged  strong-spring  clock  might  be  used  instead  of  the 
float,  B,  to  lower  this  face-board  uniformly,  so  as  to  effect  the 
same  end.  It  is  the  writer's  intention  to  make  a  series  of  ex- 
periments giving  automatic  curve-records,  so  as  to  introduce 
into  the  results  the  element  of  time.  Incidentally,  such  experi- 
ments ought  to  settle  the  question  whether  there  are,  as  has 
been  declared,  two  periods  of  expansion  for  cast-iron  solidifying 
and  cooling. 

The  lever-arms,  K,  L  and  M,  Figs.  3  and  4,  are  held  gently 
against  the  face-plate  by  light  rubber  bands,  secured  midway 
in  their  lengths  at  0,  so  that  the  very  soft  pencils  at  X  may 
record  all  movements  of  these  arms.  The  pencil-record  may 
be  made  on  paper,  covering  the  face-plate,  as  indicated  in  the 
figures,  or  on  the  bare  face  of  the  recording-board. 

It  will  be  evident  that  the  records  of  the  independent  levers 
at  each  end  of  the  bar  must  be  added  together,  in  order  to 
determine  the  total  expansion  or  contraction.  Thus,  in  the 
case  of  Test  No.  1,  Fig.  1,  the  automatic  record  of  the  apparatus 
would  show  a  travel  in  expansion  of  \  an  inch  at  each  end,  or 
1  inch  in  all,  followed  by  a  contraction  of  2|  inches  at  each 
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end,  or  5  inches  in  all,  not  including  the  retracement  of  the  . 
previous  expansion.  In  other  words,  after  expansion  was 
ended,  the  bar  contracted  longitudinally  ^|  of  an  inch  (each 
inch  of  the  pencil-line  representing  -^.j  inch  of  the  short-arm 
lever-niovenient,  i.e.,  of  actual  extension  of  the  bar) ;  and  con- 
sequently, the  test-bar,  48  inches  long  as  poured,  Avas  elongated 
in  solidilication  to  483^2-  inches,  and  then  contracted  in  cooling 
to  47|^f  inches,  its  final  length  at  atmospheric  temperature. 

The  clock  shown  at  I,  Fig.  5,  with  its  face-plate,  R,  can  be 
set  independently,  with  a  single  recording-lever,  to  receive  on 
the  revolving  face  expansion-  and  contraction-curves  from  one 
end  of  the  bar  only,  or  it  can  be  supported,  as  shown  in  Figs. 
3  and  4,  so  as  to  record  curves  in  connection  with  the  records 
made  on  the  stationary  or  sliding  face-board,  A. 

The  whole  apparatus  is  of  wood,  except  the  fulcrum-bars,  U, 
Figs,  3,  4  and  5,  the  casting-pin,  S,  Fig.  5,  and  the  pin-holding 
plates,  E,  Fig.  6.  The  form  of  levers  shown  in  Fig.  6  is  that 
which  I  have  adopted  since  originally  photographing  the  ap- 
paratus for  the  preceding  figures.  From  a  study  of  these 
levers  in  Fig.  6  it  will  be  seen  that  a  little  pressure  on  the 
spring-side  at  B  will  instantly  release  the  casting-pin  seen  at  K, 
thus  meeting  a  difficulty  sometimes  experienced  with  the  first 
form  of  grasp  used,  which  is  shown  at  W,  Fig.  5.  The  |-inch 
casting-pins  seen  at  S,  Fig.  5,  and  in  position  at  K,  Fig.  6,  are 
made  tapering  at  their  points,  so  that  they  can  be  readily  moved 
from  a  test-bar  and  used  again.  They  project  below  the  bottom 
of  the  spring-clasp  to  about  the  distance  indicated  in  Fig.  6,  so 
as  not  to  touch  the  bottom  of  the  mould  when  being  cast  in  the 
bar  for  the  purpose  of  causing  the  levers  to  record  sensitively 
any  movements  due  to  expansion  or  contraction  after  the  bars 
are  poured. 

At  the  left  of  Fig.  6  is  seen  the  form  of  pattern  used  for  mould- 
ing the  test-bars.  The  projection  at  A  is  cast  on,  as  shown,  so 
as  to  insure  equal  action  in  recording  the  expansion  and  con- 
traction at  each  end  of  the  bar.  At  D  is  seen  a  recess,  which 
gives  a  guide  to  make  the  same  in  the  mould,  so  that  in  pour- 
ing the  bars  "  open-sand,"  the  metal  will  "flow  oft'"  at  this 
point  when  it  comes  to  that  level,  and  thereby  insure  all  bars 
beino;  cast  closelv  to  the  same  thickness. 
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The  Mobility  of  Molecules  of  Cast-iron. 

(A  Contribution  to  the  Discussion  of  the  Pliysics  of  Cast -Iron.) 
BY  A.    E.    OUTEEBRIDQE,  JR.,  PHILADELPHIA,  PA. 

(Pittsburgh  Meeting.  February,  1896.) 

It  has  been  generally  accepted  as  a  fact  that  cast-iron,  under 
the  influence  of  repeated  shocks,  becomes  brittle,  and  will  finally 
break  under  a  blow  which  otherwise  it  would  have  withstood. 
It  will  probably  surprise  metallurgists,  therefore,  to  learn  that 
experiment  disproves  the  supposed  fact,  and  establishes  exactly 
its  opposite. 

The  result  of  about  a  thousand  tests  of  bars  of  cast-iron  of 
all  grades,  from  the  softest  foundry-mixtures  to  the  strongest 
car-wheel  metal,  enables  me  to  assert  with  confidence  that,  within 
limits,  cast-iron  is  materially  strengthened  by  subjection  to  re- 
peated shocks  or  blows. 

It  is  very  well  known  that  the  usual  process  of  annealing 
castings — such,  for  example,  as  car-wheels — increases  their 
strength  by  relieving  cooling-strains.  But  it  is  not  well  known 
(if  known  at  all  prior  to  this  announcement)  that  the  molecules 
of  cast-iron  are  capable  of  movement — for  they  do  not  touch 
each  other* — without  the  necessity  of  heating  the  castijig,  and 
that  they  can  thus  rearrange  themselves  in  comfortable  rela- 
tion to  their  neighbors,  and  relieve  the  overcrowding  near  the 
surface  of  the  casting.  In  more  technical  words,  a  molecular 
annealing  may  be  accomplished  at  ordinary  temperatures  which 
will  release  the  strains  in  the  castings,  precisely  as  does  anneal- 
ing by  slow  cooling  in  heated  pits  or  ovens.  A  statement  so 
surprising  should  not  be  made  without  sufficient  data  to  estab- 
lish its  correctness  beyond  cavil,  since  it  is  contrary  to  former 

*  "  In  order  to  comprehend  the  modern  idea  of  the  nature  of  matter,  we  should 
try  to  realize  that  the  molecules  composing  even  the  most  dense  solid  substances 
with  which  we  are  familiar — such  as  gold,  platinum,  etc.  —are  not  in  contact,  and 
are  free  to  move  within  certain  well-defined  limits." — Lecture  on  "  Matter,"  by 
the  writer,  Journ.  Franklin  Indkute,  September,  1885,  vol.  xc. ,  p.  184. 
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belief,  certain  to  be  questioned,  and  properly  so.  Before  pro- 
ceeding to  give  a  record  of  the  experiments  which  have  been 
made,  and  which  can  be  readily  repeated  by  any  one,  a  brief 
historv  of  the  ori<i:in  of  the  first  observation  leadino;  thereto 
may  be  interesting. 

In  1883  (being  at  that  time  engaged  in  metallurgical  work  at 
a  large  car-wheel  establishment),  I  noticed  that  chilled  cast-iron 
car-wheels  rarely  cracked  in  ordinary  service  after  having  been 
used  for  any  considerable  time ;  if  wheels  did  not  crack  when 
comparatively  new,  they  usually  lasted  until  worn  out  or  con- 
demned for  other  causes.  No  application  was  made  of  this  obser- 
vation at  that  time,  further  than  to  institute  a  careful  investiga- 
tion of  the  condition  of  the  annealing-ovens  when  some  new 
wheels  were  returned  cracked,  under  the  supposition  that  the 
wheels  were  not  well  annealed,  and  an  equally  careful  revision 
of  the  iron-mixture  to  ascertain  whether  the  fault  lay  therein. 

In  1894,  a  large  number  of  "transverse  test-bars,"  linch  square 
and  15  inches  long,  accumulated  in  the  foundry  of  Wm.  Sellers 
&  Co.,  Incorporated;  and,  to  expedite  the  cleaning  of  sand  from 
their  surfaces,  they  were  all  thrown  into  an  ordinary  "  tumbling- 
barrel  "  with  other  castings,  and  knocked  about  for  several 
hours.  When  these  test-bars  were  broken  upon  the  transverse 
testing-machine,  and  the  records  were  tabulated,  I  noticed  with 
surprise  that  the  average  strength  of  the  entire  series  was  con- 
siderably higher  than  was  usual  with  similar  iron-mixtures. 
This  difference  was  fortunately  so  marked  as  to  cause  a  careful 
inquiry — first,  into  the  condition  of  the  testing-machine ;  then, 
as  to  the  chemical  composition  of  the  metal  in  the  bars.  The  ma- 
chine was  found  to  be  in  good  order,  and  the  metal  was  normal. 
A  card  pattern  was  then  made,  upon  which  twelve  test-bars 
could  be  moulded  side  by  side  in  one  tlask,  and  poured  from 
one  runner.  Six  of  these  bars  were  placed  in  the  tumbling- 
barrel,  the  other  six  were  cleaned  of  adhering  sand  with  an 
ordinary  wire  brush,  and  the  twelve  bars  were  broken  upon  the 
machine.  All  of  the  bars  which  had  been  subjected  for  about  four 
hours  to  incessant  blows  in  the  tumbling-barrel  loere  stronger  than 
their  companion  bars — the  actual  gain  varying  from  10  to  15  per 
cent.     This  metal  was  soft  foundry-iron. 

These  tests  were  repeated  on  several  consecutive  days  with 
similar  results,  while   various   theories  were    suggested,  and 
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clues  were  followed,  to  detect  the  hidden  cause  of  this  strange 
fact. 

One  plausible  explanation  offered  was,  that  the  rubbing  of 
the  bars  together  in  the  tumbling-machine  slightly  rounded  the 
corners,  and  thus  prevented  a  starting-point  for  a  "  check  "  or 
break  of  the  bar  under  the  strain  in  the  testing-machine. 

This  theory  was  soon  overthrown  by  tests.  The  corners  of 
six  bars  were  rounded  by  filing  (the  companion-bars  not  being 
filed) ;  all  of  the  bars  were  then  cleaned  with  a  wire  brush  and 
broken  upon  the  transverse  testing-machine,  and  there  was  no 
apparent  gain  in  strength  in  the  bars  with  rounded  edges. 
Hound  test-bars  (1^  inches  in  diameter,  15  inches  long)  were 
then  poured  from  one  ladle  of  iron.  Some  of  these  were 
cleaned  in  the  tumbling-barrel,  and  all  that  were  so  treated 
proved  to  be  much  stronger  than  the  companion-bars  which 
had  been  merely  cleaned  with  a  wire  brush. 

This  process  of  eliminating  false  theories  was  continued, 
until  finally  a  new  explanation  occurred  to  me,  and  simulta- 
neously a  convincing  test  of  its  accuracy  suggested  itself.  The 
explanation,  as  indicated  in  the  title  of  this  paper,  is  the  mo- 
bility of  the  molecules  of  cast-iron,  at  ordinary  temperature, 
when  subjected  to  repeated  shocks. 

The  crucial  test  referred  to  consisted  in  subjecting  6  bars  to 
3000  taps  each  with  a  hand-hammer  upon  one  end  only  of  the 
bar.  All  the  bars  so  treated  showed  a  gain  in  strength  equiva- 
lent to  the  gain  exhibited  by  bars  which  had  been  subjected  to 
blows  over  the  entire  surface  for  several  hours  in  the  tumbling- 
barrel.  Here  was  a  new  revelation,  of  scientific  interest  to  the 
metallurgist,  and  suggesting  to  the  founder  the  possibility  of 
annealing  castings  at  ordinary  temperatures  by  availing  himself 
of  this  molecular  mobility.  It  proves  also  that  we  have  for 
many  years  been  unconsciously  accomplishing  this  beneficial 
result,  at  least  partially  and  irregularly,  by  tumbling  small 
castings  in  a  revolving  barrel,  merely  for  the  purpose  of  con- 
veniently cleaning  them  from  adhering  sand. 

Another  interesting  fact  was  incidentally  brought  out  in  this 
investigation,  namely,  that  the  strain  caused  by  cooling,  and 
the  consequent  weakening,  exists  even  in  the  smallest  castings, 
where  we  would  naturally  expect  that  the  cooling  would  be 
practically  uniform    throughout    the    section;    moreover,  that 
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even  in  bars  of  uniform  section,  such  as  1-inch  test-bars,  the 
■weakening  by  cooling-strains  sometimes  amounts  to  more  than 
10  per  cent,  of  the  ultimate  stress.  Repeated  tests  show  that 
|-inch  bars,  in  which  the  fracture  is  comparatively  uniform  to 
the  eye  throughout  the  section,  are  subject  to  the  same  law. 
Other  tests  show  that  the  comparative  difference  in  transverse 
strength  between  bars  which  have  been  hammered  on  their 
ends,  or  otherwise  subjected  to  the  process  of  molecular  an- 
nealing by  vibration  when  cold,  and  companion-bars  cast  in  the 
same  flask,  not  so  improved,  depends  to  a  certain  extent  upon 
the  number  and  force  of  the  blows,  and  to  a  still  greater  de- 
gree upon  the  grade  of  cast-iron  tested.     For  example  : 

1.  Greater  relative  difl^erence  is  found  in  hard  mixtures,  or 
strong  iron,  than  in  soft  mixtures,  or  weak  iron. 

2.  Greater  relative  dift'erence  is  found  in  1-inch  bars  than  in 
^-inch  bars,  and  somewhat  greater  difference  in  2-inch  bars 
than  in  1-inch  bars. 

Impact-Tests. — The  foregoing  experiments  having  been  re- 
peated sufficiently  often  to  satisfy  me  of  their  absolute  relia- 
bility (and  really  remarkable  uniformity),  a  new  series  of  tests 
was  commenced  for  the  purpose  of  ascertaining  how  many 
blows  were  required,  and  approximately  what  force  was  needed 
to  accomplish  the  desired  object  of  relieving  cooling-strains. 
A  new  machine  was  constructed  for  this  purpose,  and  light  was 
Boon  thrown  upon  these  questions,  while  still  other  important 
questions  were  suggested  and  answered  by  the  use  of  the  same 
machine. 

The  impact-machine  first  used  was  an  old  one,  and  consisted 
of  a  weight  fastened  to  an  arm  swinging  in  a  graduated  arc. 
The  friction  of  the  pivot  and  the  crude  construction  of  the  ma- 
chine precluded  even  an  approximately  accurate  measurement 
of  the  force  of  the  blow  delivered. 

The  new  machine  consisted  of  a  frame  or  yoke,  marked  in 
inches,  and  a  wedge-shaped  weight,  adapted  to  the  size  of  the 
bars  to  be  tested,  which  was  raised  vertically  to  any  desired 
number  of  inches,  and,  when  released,  fell  by  gravity  in  free 
space,  striking  the  bars  in  the  center  l)etween  the  supports, 
which  were  12  inches  apart.  A  14-pound  weight  was  adopted 
for  testing  1-inch  bars. 

Impact  testing-machines  have  long  been  used,  and  car-wheels 
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are  accepted  or  condemned  according  to  tests  made  upon  such 
machines.  It  has  always  been  maintained  that  each  blow  ot 
the  "  drop  "  weakened  the  casting,  and  that  the  final  blow  was 
only  a  record  of  the  residual  cohesion  remaining  in  the  metal, 
after  previous  blows  had  proportionately  weakened  it.  In  the 
case  of  a  thoroughly  annealed  car-wheel  this  reasoning  may  be 
suificiently  correct ;  but  as  applied  to  impact  testing-machines 
used  for  testing  unannealed  bars,  the  argument  is  absolutely 
fallacious.  In  such  cases,  the  im.pact-machine  is  itself  a  means  of 
molecularly  annealing  test-baxs,  as  I  will  now  demonstrate. 

Impact- Experiments. — Six  of  the  1-inch  square  test-bars, 
cleaned  with  the  wire  brush,  were  broken  upon  the  impact- 
machine  by  dropping  the  w^eight  from  a  suthcient  height  to 
break  each  bar  at  the  first  blow.  The  six  companion-bars,  also 
cleaned  with  the  brush,  were  then  in  turn  subjected  to  blows, 
numbering  from  10  to  50"  each,  of  the  same  drop-weight,  falling 
one-half  the  former  distance,  these  blows  being  insufficient  to 
break  the  bars.  The  weight  was  then  permitted  to  fall  upon 
each  of  these  bars  in  turn  from  the  height  at  which  the  six  bars 
previously  tested  had  been  broken  at  the  first  blow.  Not  one 
bar  broke.  Two,  three,  six,,  ten,,  ami  in  one  case  fifteen,  blows 
of  the  same  drop  from^  the  same  extreme  height  were  required 
to  break  these  l>ars.  In  another  similar  case  the  weisrht  was 
dropped  once  from  the  former  height,,  then  raised  by  inches 
until  four  more  blow&,  each  being  one  inch  higher  than  the 
last,  had  been  delivered  before  breaking  the  piece.  Subse- 
quent tests  showed  still  greater  gain  in  strength. 

The  next  experiment  with  the  impact-machine  was  designed 
to  test  molecularly-annealed  bars  from  the  tumbling-barrel,  in 
comparison  with  untreated  companion-bars,  under  one  heavy 
blow.  It  was  found  that  a  l)low  of  sufficient  force  to  break  the 
unannealed  bars  with  one  fall  of  the  weight  must  be  repeated 
from  five  to  twenty  times  (depending  mainly  upon  the  nature 
of  the  iron-mixture)  to  break  the  molecularly-annealed  com- 
panion-bars. By  careful  experiment  in  the  manner  described, 
it  was  shown  that  the  ultimate  strength  of  the  bars  which  had 
not  been  through  the  tumbling-barrel  could  be  increased,  by 
successive  slight  blows  upon  the  impact-machine,  to  an  equality 
with  their  companions. 

The  experiments  here  related   in  a  running  conversational 
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narrative,  form  a   part  of  the  daily  records  of  metallurgical 
work  at  the  foundry  of  William  Sellers  &  Company,  Incorpo- 
rated, rhiladelphia;  and  the  aggregate  number  tabulated    is 
very  large.     All  the  tests  corroborate  fully  the  statements  here- 
made  ;  and  they  are  susceptible  of  repetition  and  confirmation 
by  any  one  interested  in  work  of  this  character.     They  form  a 
part  oV  a  long  series  of  investigations  (extending  over  a  period 
of  fifteen  years)  upon  the  relation  l^etween  the  physical  nature 
and  chemical  composition  of  cast-iron;    they  have  served   to 
throw  light  upon  phenomena  hitherto  obscure,  connected  with 
the  design,  construction,  etc.,  of  castings ;  and,  as  it  is  believed 
that  they  contain  the  germ  of  a  new  scientific  discovery  valu- 
able in  its  principle  to  all  workers  in  these  fields,  these  brief 
notes  are  presented  to  the  Institute  in  response  to  the  hivitation 
of  its  Secretary,  and  through  the  courtesy  of  the  firm  of  Wil- 
liam Sellers  &  Company,  Incorporated,  for  whose  benefit  and  at 
whose  cost  they  were  primarily  made. 

In  conclusion,  it  should,  perhaps,  be  observed,  to  avoid  the 
possibility  of  misunderstanding,  that  the  molecular  annealing 
of  cold  cast-iron  by  successive  slight  shocks  difiers  from  anneal- 
ing by  heat,  in  that  it  has  no  power  to  change  the  condition  of 
carbon  in  the  casting  or  to  alter  the  chemical  constitution  in 
any  way.  All  that  is  claimed  is,  that  every  iron  casting,  when 
first  made,  is  under  a  condition  of  strain  due  to  difiference  in 
the  rate  of  the  cooling  of  the  metal  near  the  surface,  as  cx)m- 
pared  with  that  nearer  the  center,  and  also  to  diiierence  of  sec- 
tion ;  and  further,  that  it  is  practicable  to  relieve  these  strains 
by  repeatedly  tapping  the  casting,  thus  permitting  the  indi- 
vidual metallic  particles  to  rearrange  themselves,  and  assume  a 
new  condition  of  molecular  equilibrium. 

The  large  number  of  tests  made  and  the  remarkable  uni- 
formity of  the  results  obtained  warrant  me  in  making  these 
statements  with  full  confidence  that  the  repetition  of  such  ex- 
periments, even  under  lese  favorable  conditions  for  accurate 
observation  than  I  have  enjoyed,  will  convince  others  of  the 
correctness  of  my  conclusions,  and  will,  perhaps,  establish  a  new 
law  of  the  physics  of  cast-iron. 

A  few  practical  deductions  of  universal  application  may  be 
drawn  from  these  observations. 

1.  Castings  such  as  hammer-frames,  housings  for  rolls,  cafet^ 
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iron  mortars  or  guns,  which  are  to  be  subjected  to  severe  blows 
or  strains  in  actual  use,  should  never  be  suddenly  tested  to 
anything  approaching  the  severity  of  intended  service. 

Quantitative  tests  made  upon  the  impact-machine  prove  that 
the  molecules  of  cast-iron  rearrange  themselves  under  reasona- 
bly few  shocks,  so  that  it  is  perfectly  practicable  to  molecularly 
anneal  such  castings  when  cold.  Pulleys,  and  indeed  all  cast- 
ings, are  subjected  in  e very-day  service  to  this  process  of  mol- 
ecular annealing;  and  old  castings  are  therefore  more  reliable 
than  new  ones,  unless  they  have  been  misused. 

It  is  not  impossible  that  the  same  law  applies  to  steel-castings 
and  perhaps  to  all  metal-castings,  and  that  in  testing  new  guns, 
each  preliminary  small  charge  of  explosive  material,  subjecting 
the  casting  to  comparatively  moderate  shocks,  enables  the  gun 
to  relieve  itself  of  internal  strains,  and  eventually  to  withstand 
with  safety  shocks  which  would  have  destroyed  it  without  this 
precautionary  measure.  This,  however,  is  mere  theory,  and 
must  not  carry  the  weight  of  the  arguments  regarding  cast- 
iron,  which  are  clinched  by  a  thousand  actual  tests. 

2.  Strong  iron  castings,  and  castings  of  irregular  section, 
have  greater  initial  strains  than  soft  iron  castings  or  castings 
of  comparatively  uniform  section;  and  it  is,  therefore,  more 
important  to  subject  the  former  to  gradually  increasing  shocks 
until  the  strains  are  relieved  by  the  movement  and  rearrange- 
ment of  the  molecules. 

Tables. — The  tables  here  given  show  the  results  of  tests  for 
transverse  strength  of  test-bars,  of  different  section  and  widely 
different  grades  of  iron,  which  have  been  subjected  to  this 
process  of  molecular  annealing,  and  also  tests  made  upon  the 
impact-machine  with  test-bars  cast  in  the  same  moulds.  To 
avoid  the  unnecessary  duplication  of  figures,  a  few  individual 
tests  only  are  here  tabulated,  but  they  represent  the  average  of 
probably  a  thousand  records. 

The  largest  apparent  gain  shown  in  Table  I.  in  the  trans- 
verse strength  of  companion-bars  of  1-inch  section,  is  525 
pounds  (see  last  line  of  the  table),  or  very  nearly  19  per 
cent. 

It  is  evident,  even  without  plotting  all  the  tests,  that  they 
Avould  show  a  gradually  ascending  curve  having  direct  relation, 
ffi-fit,  to  the  character  of  the  alloy  of  iron;  and  second,  to  the 
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number  of  blows  given,  up  to  the  point  when  strain  is  relieved 
— beyond  which  an  increased  number  of  blows  does  not  in- 
crease the  strength  of  the  bar.  Furthermore,  it  may  be  noted 
that  these  tests  with  the  impact-machine  indicate  the  existence 
of  a  similar  law  with  relation  to  the  ability  of  the  metal  to  re- 
sist sudden  and  severe  shocks. 

Similar  observations  apply  to  the  tests  recorded  of  half-inch 
and  2-inch  bars.  All  the  2-inch  bars  were  broken  upon  the 
testing-machine  of  Messrs.  A.  Whitney  &  Sons,  by  their  op- 
erator, who  was  at  first  ignorant  of  the  object  of  the  tests. 
Subsequently,  similar  tests  were  made  by  that  firm  with 
their  car-wheel  iron,  and  identical  results  were  obtained  by 
them. 

The  tabulated  tests  have  been  selected  from  the  daily  records 
of  experiments  made  at  the  machine-tool  works  of  William  Sel- 
lers &  Co.,  Incorporated,  Philadelphia. 

In  Table  I.,  the  left-hand  columns  show  the  breaking-strain 
and  deflection  of  test-bars  of  ditt'erent  kinds  of  cast-iron, 
cleaned  in  the  ordinary  manner  with  a  wire-brush.  The  right- 
hand  columns  show  the  tests  of  companion-bars,  cast  from  the 
same  runner,  molecularly  annealed  by  being  subjected  to  shocks 
in  the  tumbling-barrel,  or  by  tapping  on  one  end  with  a  light 
hammer,  as  noted  under  "Remarks;"  also,  a  few  tests  made 
with  round  bars  1^  inches  in  diameter,  cast  on  end. 

Table  II.  gives  a  few  of  the  tests  with  1-inch  bars,  made 
upon  the  new  impact  testing-machine,  using  a  14-pound  weight. 
The  tests  marked  A  represent  bars  cleaned  with  a  brush,  and 
those  marked  B,  companion-bars,  molecularly  annealed  in  the 
manner  described. 

Table  III.  gives  a  few  records  of  2-incli  test-bars,  l)roken  by 
A.  Whitney  &  Sons  upon  their  machine.  The  tests  marked  A 
were  cleaned  with  the  brush ;  those  marked  B  were  molecularly 
annealed  in  the  tumbling-barrel. 

Other  experiments  have  suggested  themselves  in  the  course 
of  this  investigation ;  and  my  paper,  therefore,  is  not  pre- 
sented as  an  exhaustive,  but  as  a  tentative  treatment  of  this 
interesting  and,  I  believe,  novel  line  of  research,  which  is  not 
incapable,  even  in  its  present  stage,  of  some  practical  appli- 
cation. 
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Unannealed. 
Breaking 

Strain.     Deflection. 
Pounds.       Inches. 


Table  I. 

Moleenlarly  Annealed. 
Breaking 
Strain.      Deflection. 
Pounds.       Inches. 


2350 
2025 
2125 
2275 
2o2o 
2175 
2100 
2025 
2775 
2150 
2550 
3000 
3000 
2150 
2100 
2100 
2050 
2875 
2175 
2150 
2675 
2775 


.13 
.12 
.13 
.13 
.14 
.13 
.13 
.12 
.14 
.13 
.14 


.13 

.12 
.14 
.13 
.13 
.13 
.14 


2850 
2300 
2275 
2400 
2850 
2500 
2375 
2300 
2900 
2250 
2925 
3200 
3150 
2450 
2425 
2400 
2400 
3100 
2500 
2350 
3000 
3300 


.14 
.14 
.14 
.14 
.15 
.15 
.14 
.14 
.15 
.13 
.15 


.15 

.14 
.15 
.15 
.13 
.14 
.15 


Remarks. 
Close  grain. 
Open      " 


Close 
Open 


Close      " 

Hammered  on  end  of  bar. 

a  a  a 

Kound  bars  1|  inclies  diam. 
Hammered  on  end  of  bar. 
Round  bars  1  §  inches  diam. 
Open  grain. 

Round  bars  Ig  inches  diam. 
Open  grain. 
Close      " 
Open      " 

Close      " 


Table  II. 


A.     1  blow  of  14-pound  weight  falling  13  inches  broke  the  bar.     Open  grain. 


B.  8  blows 

A.  2  " 

B.  9  " 

A.  2  " 

B.  14  " 

A.  2  " 

B.  15  " 
A.  3  " 


B. 
A. 
B. 
A. 
B. 
A. 


13 
14 
14 
14 
14 
15 
15 
15 
15 
15 
15 
13 
15 
13 


Close  grain.  " 


B.   10  "  at  13  inches,  5  at  15  inches,  5  at  17  inches,  3  at  18  inches,  broke  the 
bar.     Close  grain. 

A.  1  "  of  14-pound  weight  falling  14  inches  broke  the  bar.     Open  grain. 

B.  20  "  at  13  inches  and  3  blows  at  14  inches  broke  the  bar.  " 

A.  3  "  of  14-pound  weight  falling  13  inches  broke  the  bar.     Close  grain. 

B.  15  "  "  "  "  14  "  "  " 

A.  8  "  "  "  "  12  "  "  " 

B.  50  "  at  12  inches  and  10  blows  at  15  inches  failed  to  break  the  bar. 

Note. — The   last   bar,   after  withstanding  these  blows,  was   broken   upon  the 
transverse  testing  machine  at  a  strain  of  2975  pounds. 
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Table  III. 

Breaking  strain  Grade 

in  Pounds.  of  Iron. 

A, 20,400  Close  grain. 

B,    .....*..         .     21,600  " 

A, 13,600  Open  grain. 

B, 15,800  " 

A, 14,000 

B, 14,800  " 

I  have  suggested,  and  adopted  throughout  this  paper,  the 
hypothesis  of  the  mobiUty  of  the  molecules  of  cast-iron,  result- 
ing in  an  effect  similar  or  analogous  to  the  eft'ect  of  annealing 
by  heat,  because  it  seems  to  be  warranted  by  the  facts  devel- 
oped by  the  experiments  described ;  it  is  of  course  possible,  in 
our  a  jwiori  ignorance  of  the  laws  governing  atoms  and  mole- 
cules, that  the  theory  may  not  be  correct,  but  the  tentative  pro- 
pounding of  a  probable  hypothesis,  by  inciting  to  a  more  ex- 
tended course  of  experiment,  along  diiferent  related  lines  of 
investigation,  often  leads  to  establishing  or  disproving  the 
theory,  and  thus  adds  to  our  stock  of  positive  knowledge. 


Note  on  Carbon-Bricks  in  the  Blast-Furnace. 

BY   R.    W.    RAYMOND,    NEW   YORK   CITY. 

(Pittsburgh  Meeting,  February,  1896.) 

In  connection  with  the  discussion  of  the  paper  of  Mr.  James 
Gayley,  presented  at  the  Baltimore  meeting,  in  February,  1892, 
on  "  The  Preservation  of  the  Hearth  and  Bosh-walls  of  the 
Blast-furnace,"*  I  offered  a  translation  of  a  letter  received  from 
our  distinguished  honorary  member.  Professor  P.  Ritter  von 
Tunner,  concerning  the  use  of  carbon-bricks  at  the  Donawitz 
furnace,  then  (February,  1892)  in  the  third  month  of  its  cam- 
paign. The  purpose  of  this  brief  paper  is  to  put  upon  record 
later  results  of  practice  with  carbon-bricks,  both  in  this  country 
and  abroad. 


*  Trans.,  xxi. ,  102. 
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Before  doing  this,  however,  I  wish  to  correct  an  error  in  my 
translation  of  Prof.  Tunner's  communication,  to  which  my  at- 
tention has  been  called  in  the  course  of  later  correspondence. 
Namely,  I  was  misled  by  some  incidental  phrases  employed  by 
him,  to  conclude  that  the  whole  of  the  Donawitz  furnace,  above 
as  well  as  below  the  boshes,  was  lined  with  carbon-bricks. 
Later  information  has  shown  me  that  this  was  not  the  case,  and 
that  the  "  upper  "  and  "  lower  "  linings  of  carbon-brick,  then 
understood  b}'  me  as  respectively  above  and  below  the  bosh- 
line,  were  intended  to  mean  the  lining  of  the  hearth  or  cruci- 
ble, above  and  below  the  tuyeres.  Prof  Tunner's  reference  to 
the  abrasive  action  of  descending  material*  must  therefore  be 
understood  as  referring  to  the  walls  of  the  smelting-space  above 
the  tuyeres.  I  make  this  correction  because  I  think  it  should 
never  be  deemed  too  late  to  confess  and  rectify  errors  in  our 
Transactions.  So  far  as  I  am  now  aware,  this  particular  error 
has  not  had,  and  may  not  have,  any  important  efl'ect.  Yet  it  is 
well,  by  correcting  it,  to  put  on  record  the  fact  (which  I  have 
ascertained  also  by  direct  correspondence  with  experts  abroad) 
that  carbon-bricks  have  not  been  employed  hitherto,  in  Ger- 
many or  Austria,  for  the  lining  of  the  whole  of  a  blast-fur- 
nace. The  question,  therefore,  whether  they  could  be  so  manu- 
factured as  to  be  superior  to  chamotte-bricks  (f.e.,  ordinary 
fire-bricks)  or  other  materials,  for  the  lining  above  the  boshes, 
is  one  concerning  which  no  light  is  offered  by  foreign  experi- 
ence. 

With  this  explanation,  I  proceed  to  give  the  latest  informa- 
tion (November,  1895)  concerning  the  Donawitz  furnace,  for 
which  I  am  indebted  to  the  management,  through  the  courte- 
ous intervention  of  our  honorary  member.  Prof.  Hanns  Hoefer, 
of  Leoben,  Styria. 

According  to  this  statement,  the  carbon-bricks  lining  the 
hearth  were  laid  within  a  strong  iron  mantle.  The  thickness 
of  the  hearth-wall  was  1  meter,  in  two  interlocking  layers  of  600 
and  400  millimeters  respectively.  The  mortar  consisted  of  3 
parts  coke  and  1  part  clay. 

Before  blowing-in,  the  carl)on-bricks  were  protected  against 
burning  during  the  heating-up,  with  a  150-mm.  layer  of  cham- 

*  Trans.,  xxi.,  121. 
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otte-bricks.  The  bottom  of  the  heartli  was  made  of  chamotte- 
brieks. 

The  furnace  lias  now  run  four  years,  with  an  average  annual 
product  of  55,000  tons.  The  carbon-bricks  are  still  tolerably 
long  (over  700  mm.),  and  justify  the  expectation  of  a  consider- 
able campaign  yet  to  come. 

Mr.  James  Gayley  advises  me  that  there  is  nothing  new  to  be 
added  on  the  subject  from  experience  at  the  Edgar  Thompson 
furnaces.  There  is  at  these  works  one  furnace  with  carbon- 
bricks  in  the  bosh-wall,  which  was  put  in  l)last  in  1893,  and  is 
still  running,  and  giving  satisfactory  results.  The  commercial 
value  of  the  carbon-bricks,  however,  cannot  be  determined  un- 
til the  blast  is  ended,  when  it  will  be  possible  to  compare  the 
advantages  resulting  from  their  use  with  the  extra  cost  involved. 
Pending  such  determination,  the  company  is  not  using  these 
bricks  in  other  furnaces. 


The  Assay  by  Prospectors  of  Auriferous  Ores  and  Gravels 
by  Means  of  Amalgamation  and  the  Blowpipe. 

BY  WILLIAM   HAMILTON   MERRITT,   ASSOC.    R.S.M.,    ETC.,   TORONTO,    CANADA. 
(Pittsburgh  Meeting,  February,  189f).) 

At  the  Atlanta  Meeting  in  October,  1895,  a  short  paper  was 
presented  by  Mr.  R.  W.  Leonard  on  the  "  Assay  of  Auriferous 
Ores  and  Gravels  by  Amalgamation  and  the  Blow-pipe " 
[Trans.,  xxv.,  645),  embodying  the  results  of  some  very  conclu- 
sive tests  as  to  the  value  of  the  process.  His  arguments  regard- 
ing the  desirability  of  the  process  appear  to  be  indisputable,  but 
the  practicability  of  the  field-outfit  used  by  him  is  open  to  ques- 
tion. 

The  Province  of  Ontario,  in  which  Kingston  is  situated,  is 
still  largely  unexplored ;  and  at  the  Kingston  School  of  Mining 
we  give  much  attention  to  the  instruction  of  prospectors  and 
the  testing  of  ores. 

To  this  end,  not  only  is  there  a  small  mill  (to  which  Mr. 
Leonard  alludes)  attached  to  the  school,  but  prospectors'  classes 
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are  held  both  at  the  school  and  at  centers  in  the  mineral-bear- 
ing districts.  In  these  classes  the  testing  of  auriferous  ores  by 
pan-amalgamation,  assay  and  blowpipe  have  been  carried  on 
ever  since  the  classes  were  handed  over  to  the  School  of  Mining 
by  the  government. 

The  method  which  I  have  adopted  diifers  in  some  particu- 
lars from  that  pursued  by  Mr.  Leonard.  I  shall  point  out  some 
of  the  differences,  not  that  I  claim  any  originality  in  such  an 
old  established  practice,  but  to  show  that  the  field-testing  of 
gold-ores  (which  is  very  properly  characterized  by  Mr.  Leonard 
as  important)  has  not  been  overlooked  in  the  School  of  Mining, 
and  also,  that  a  very  much  cheaper  outfit  than  that  described 
b}^  him  can  be  used  with  practical  satisfaction  for  the  same 
purpose. 

Li  the  first  place,  after  sampling  the  ore,  we  treat  two  pounds, 
the  one-thousandth  part  of  a  ton  being  a  convenient  quantity 
to  operate  upon.  We  pass  the  ore  through  a  40-  or  a  60-mesh 
sieve,  generally  the  latter ;  but  if  it  be  known  that  the  ore  is 
to  be  treated  in  a  mill  using  a  screen  wdth  the  former  mesh, 
then  the  use  of  that  size  will  give  a  fairer  test. 

We  use  an  ounce  of  mercury,  and  I  find  (as  stated  by  Louis) 
that  the  results  are  better  when  sodium  amalgam  is  used,  as 
the  mercury  does  not  flour  so  much,  and  also  that  a  little 
sodium  helps  immensely  to  gather  the  very  fine  globules  of 
quicksilver  toward  the  end  of  the  panning.  After  panning, 
the  mercury  is  weighed  to  see  if  it  all  has  been  recovered.  If 
there  is  a  loss,  the  pulp  is  repanned,  or  a  pro-rata  loss,  of  gold 
is  allowed  for. 

Instead  of  grinding  the  pulp  after  the  mercury  has  been 
mixed  with  it,  I  use  a  pestle  made  of  soft  wood,  for  I  consider 
that  thorough  mixing  (say  for  an  hour)  will  give  as  intimate  a 
contact  as  is  obtained  in  the  stiimp-mill,  and  that  (as  the  test  is 
really  to  determine  what  w^e  may  expect  from  the  mill)  this  re- 
sult is  no  more  than  we  wish  for.  Fine  grinding  with  the  mer- 
cury would  probably  give  a  higher  result.  This  it  may  be  de- 
sirable to  ascertain  by  subsequent  investigation ;  but  in  the  first 
instance  we  seek  the  result  we  may  expect  from  the  stamp- 
mill. 

After  panning  and  getting  first  the  mercury  and  afterwards 
the    concentrates,   and   estimating  the    percentage    of  concen- 
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tratcs  in  the  ton  of  ore,  tlie  system  we  use  differs  consider- 
ably from  that  described  by  Mr.  Leonard.  The  greatest  diiii- 
culty  in  prescribing  any  quantitative  test  for  the  prospector 
lies  in  his  inability  to  purchase,  or  transport,  an  expensive 
balance  weighing  to  0.1  milligramme,  as  required  by  Mr. 
Leonard's  method.  We  therefore  follow  a  ruder  method, 
which  is,  nevertheless,  practically  useful.  In  operating  upon  2 
pounds  of  pulp,  every  grain  of  gold  or  bullion  obtained  will 
represent  approximately  2  ounces  to  the  ton  of  ore  (more  pre- 
cisely, 2.08  ounces  Troy  of  gold  or  bullion  in  2000  pounds 
avoirdupois  of  ore).  An  excellent  little  balance  with  sliding 
weight,  capable  of  weighing  from  0.1  up  to  5  grains,  can  be 
bought  for  $3.  As  every  grain  of  gold  obtained  represents 
practically  2  ounces  per  toUy  it  will  be  seen  that  a  gold-ore  can 
be  determined  running  as  low  in  free  gold  as  $3,60  per  ton 
(the  bullion  being  estimated  at  $18  an  ounce)  by  means  of  this 
$3  balance.  Indeed,  it  is  quite  possible  to  adjust  the  weight 
half-way  between  two»  divisions  and  get  a  result  below  $2,  as 
we  have  done  in  our  testing. 

Again,  in  the  matter  of  a  reto-rt  for  retorting  the  small  quan- 
tity of  mercury,  we  find  that  a  little  sheet  of  Kussia  iron  can 
be  worked  by  a  tinsmith,  for  a  few  cents,  into  a  deep  cup-shaped 
retort,  with  a  smooth  rounded  bottom  and  corrugated  sides. 
If  necessary,  this  can  be  unbent  and  flattened,  should  any  difli- 
culty  be  found  in  getting  out  the  gold,,  which  seldom  occurs. 

To  avoid  the  fumes,  or  to  save  the  mercury,  a  hollowed-out 
potato  answers  the  purpose  of  a  cover  and  condenser.  The 
sponge  of  bullion  is  preferably  taken  out  of  the  retort,  mixed 
with  lead  and  fused  by  blowpipe  on  charcoal  or  in  a  capsule, 
flux  being  added  for  reflning  alter  the  first  fusion.  Cupellation 
is  done  in  a  clay  pipe.  A  good  idea  of  the  bullion  will  be  ob- 
tained by  the  color  of  the  button,  but  to  be  exact  it  can  be 
parted  in  the  usual  manner  and  both  gold  and  silver  estimated. 

The  amalgamation  can  be  done  in  a  miner's  pan  (kept  for 
that  purpose) ;  therefore  the  whole  outfit,  balance  included,  only 
costs  a  few  dollars,  and  is  within  the  limit  of  financial  possi- 
bility of  all  prospectors.  The  cheapness  and  portability  of  the 
outfit  is  also  not  objectionable  to  the  mining  engineer  in  the 
field. 

"We  generallj'  content  ourselves  with  testing  the  concentrates 
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for  gold  and  silver  hy  the  blowpipe,  I  may  say,  qualitatively, 
without  measuring  the  bead,  going  on  the  principle  that  any 
gold  bead  wliidi  is  visible  to  the  naked  eye,  or  a  fair-sized 
silver  bead,  are  evidences  that  the  concentrates  are  worth  a 
more  careful  assay.  However,  for  the  more  advanced  students, 
we  do  quantitative  work  by  measurements  with  the  Plattner's 
ivory  button-scale,  following  the  plan  recommended  by  Mr. 
E.  L.  Fletcher  in  his  excellent  little  work,  published  by  Wiley 
&  Co. 

In  conclusion,  I  may  observe  that  gold-ores  which  we  have 
tested  in  our  prospectors'  classes  have  yielded  results  from  §115 
free  gold  per  ton,  with  §689  concentrates  (or  §8  in  concentrates 
per  ton  of  ore),  down  to  §3  free  gold  per  ton  and  nothing  in 
concentrates.  One  ore  was  determined  down  to  §1.50  per  ton, 
free  gold.  Some  samples  have  proved  to  contain  nothing,  but 
we  naturally  avoid  using  them  for  class-instruction.  A  sample 
of  alluvial  sand  from  this  province,  treated  in  the  manner  above 
described,  was  proved  to  carry  §2  per  ton  in  free  gold.  As 
might  be  expected,  its  concentrates  carried  nothing. 

In  the  above  cases,  the  concentrates  were  regularly  assayed. 
As  an  example,  however,  of  results  obtained  in  a  prospectors' 
class,  when  the  value  of  the  concentrates  was  determined  by 
the  Plattner  scale,  the  following  instance  of  a  rich  free-milling 
ore  is  given. 

Two  pounds  of  the  ore  yielded  4.3  grains  of  bullion,  which 
was  not  parted,  but,  being  very  yellow,  was  estimated  at  §19 
per  ounce,  making  for  1  ton  of  ore  8.6  ounces,  valued  at 
§163.40. 

The  amount  of  concentrates  obtained  from  2  pounds  of  ore 
was  0.76  ounce,  or  -^  of  the  weight  of  the  ore  or  pulp.  That 
is  to  say,  from  42  tons  of  ore  1  ton  of  concentrates  would  be 
obtained. 

The  blowpipe-assay  of  the  concentrates  (3  grains  being  taken) 
gave,  as  measured  on  the  Plattner  scale,  2  ounces  of  bullion  per 
ton,  or  §38,  which,  being  divided  by  42,  gave  90  cents  as  the 
value  of  gold  in  concentrates  per  ton  of  crude  ore.  The  result 
is  therefore,  per  ton  of  ore  : 

Available  by  free-milling,    .......  $163.40 

In  concentrates,   .........         0.90 

Tailings,       .         .......       not  determined. 
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Cost  and  Detailed  Description  of  Apparatus. 

The  jmmmg  outfit  catalogued  below,  including  sufficient  sup- 
plies of  reagents,  etc.,  for  any  ordinary  prospecting-trip,  will 
cost  about  $7.50.     It  may  consist  of  : 

1.  Glass-stoppered  bottle,  containing  strong  nitric  acid.  (This 
can  be  carried  in  a  "  patent  lightest-weight  liquid-mailing 
case.") 

2.  Two  gold-pans;  one  to  be  used  for  mercury  only. 

3.  Mercury,  about  1  pound. 

4.  "  Travellers'  letter-  and  parcel-balance  "  hand-scale,  weigh- 
ing 0.25  to  12  ounces,  for  weighing  mercury  and  pulp;  cost,  30 
cents. 

5.  Balance,  hand-scale  with  sliding  weight,  very  sensitive, 
from  0.1  to  5  grains ;  cost,  $3. 

6.  Small  Russia  sheet-iron  retort,  and  sheet  of  Russia  iron  1 
foot  square  (with  hole  for  retort  in  the  center),  for  supporting 
the  retort. 

7.  Small  porcelain  dish  or  thimble. 

8.  Iron  mortar  and  pestle ;  cost,  90  cents. 

9.  Brass  wire  60-mesh  sieve ;  cost,  50  cents. 

10.  A  little  sodium  carried  in  naphtha,  in  a  wide-mouthed 
bottle, in  a  "patent  lightest-weight  liquid-mailing  case." 

11.  Wooden  pestle. 

12.  Sheet- or  shot-lead  (pure,  if  possible). 

13.  Borax. 

14.  Soda. 

15.  Blowpipe,  cost,  25  cents. 

16.  Bone-ash. 

17.  Clay  pipe  for  cupelling. 

18.  Charcoal. 

19.  Candles. 

For  quantitative  determination  of  value  of  concentrates  by 
measurement  with  Plattner's  ivory  scale  (cost  $3),  a  sufficient 
outfit,  including  the  scale,  can  be  obtained  for  $5,  if  the  pros- 
pector makes  his  own  little  anvil,  pestle  and  guard  and  pincers, 
and  gets  a  small  cheap  hammer.  He  will  need  in  addition  (in- 
cluded in  the  $5)  only  a  Fletcher  blowpipe  furnace,  clay  cruci- 
bles and  capsules,  a  spirit-lamp  and  some  litharge. 
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For  qualitative  work  a  prospectors'  simple  blowpipe  outfit 
might  comprise  : 

1.  Knife. 

2.  Magnitying-glass. 

3.  Blowpipe. 

4.  Charcoal. 

5.  Candle. 

6.  Old  scissors. 

7.  Pincers. 

8.  Steel  anvil,  |  by  1^  by  2  inches. 

9.  Pestle  and  guard. 

10.  Small  hammer. 

11.  Magnet. 

12.  Borax. 

13.  Soda. 

14.  Litharge. 

15.  Bone-ash. 

16.  Clay  pipe  for  cupel. 

17.  Round-headed  bolt  for  making  cupels. 

To  which  may  be  added  platinum-wire,  spirit-lamp,  micro- 
cosmic  salt,  cobalt  nitrate,  three-cornered  file  and  glass  tubing. 
The  total  cost  need  not  greatly  exceed  |1. 

Therefore  for  the  entire  panning,  qualitative  and  quantitative 
field-outfit  for  purposes  above  indicated  the  cost  need  not 
exceed  $14,  and  with  it  the  prospector,  or  indeed  the  mining 
engineer,  can  with  practice  obtain  in  most  cases  valuable  in- 
formation in  the  field  concerning  the  ores  of  the  precious 
metals. 

Weight  of  AjyjJaratus. — The  weight  of  complete  outfit,  includ- 
ing the  panning,  qualitative  and  quantitative  outfits  (avoiding 
duplications  in  above  lists),  may  be  about : 

Pounds.    Ounces. 

Two  pans, 3  12 

Mortar  and  pestle,  .         .         .         .         .         .         .         .11 

Remaining  articles,  including  mercury  and  other  ingre- 
dients,          5  4 

Total  weight, 20  pounds. 
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Vein-Walls. 

BY  T.  A.  RICKARD,  DENVER,  COLORADO, 

(Pittsburgh  Meeting,  February,  18%.) 

From  time  immemorial  the  fissure-vein  has  been  held  the 
simplest  type  of  ore-cleposit.  The  prominence  given  to  it  by 
Cotta  and  his  disciples,  from  their  study  of  the  mines  of  the 
Erzgehirge,  is  impressed  upon  technical  literature ;  and,  in 
consequence,  the  ores  which  carry  the  valuable  metals  have 
been  supposed  to  occur  mainly  in  fissures,  cleaving  the  rocks 
in  diverse  directions,  and  the  noblest  type  of  vein  has  been 
deemed  that  which  cut  across  the  country  independent  of  its 
structure,  whether  evidenced  as  bedding,  foliation  or  cleavage, 
and  which  was  identified  with  rents  produced  in  the  rocky  crust 
of  the  earth. 

As  so  conceived,  the  vein  was  a  fissure  filled  with  ore,  extend- 
ing through  the  country  for  a  varying  distance,  and  continued 
downward  to  a  depth  more  or  less  proportionate  to  its  longi- 
tudinal extent.  The  vein-material  was  bounded  by  an  encase- 
ment of  rock,  and  those  immediate  surfaces  which  limited  it 
on  either  side  were  called  "  walls." 

These  primary  conceptions  have  become  modified  by  the  ex- 
perience of  modern  mining  in  widely  separated  regions.  The 
study  of  lode-formations  has  led  to  the  recognition  of  notable 
departures  from  the  supposed  normal  structure  of  the  veins  of 
Saxony  and  Cornwall,  the  two  classic  homes  of  early  economic 
geology. 

Typically  the  walls  of  a  vein  are  conceived  as  parallel  rock- 
planes  enclosing  the  ore ;  the  upper  one  being  called  the  "  hang- 
ing-," and  the  lower  the  "  foot-wall."* 

Walls  are  rarely  alike.  Even  where  a  vein  traverses  a 
homogeneous  formation,  such  as  a  massive  crystalline  rock,  it 
is  usually  found  that  the  surface  which  bounds  it  underneath 

*  The  French  equivalents  are /e  toil,  "the  roof,"  and  lemur,  literally,  "the 
wall."     In  German,  das Hangende  and  das  Liegende. 
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differs  from  that  which  limits  it  overhead.  This  is  to  be  as- 
cribed to  the  effect  of  the  agencies  which  brought  about  the 
deposition  of  the  ore.  The  action  of  underground  waters  tends 
at  first  to  affect  both  equally  ;  but  in  many  cases  probably  the 
solutions,  as  they  slowly  ascend  along  the  line  of  fissuring,  are 
prevented  from  penetrating  into  the  encasing  rock  by  the  occur- 
rence of  an  impermeable  covering  of  clay,  due  to  abrasion, 
which  may  line  either  wall,  but,  because  of  gra\dty,  generally 
accompanies  the  under  one.  Similarly  we  are  justified  in  sup- 
posing that  the  deposition  of  a  mineral  deposit  may  form  a 
coating  which  would  serve  to  protect  the  foot-wall  from  the  cor- 
roding effects  of  chemical  action.  The  activity  of  the  mineral- 
bearing  current  thus  becomes  diverted  in  its  greatest  intensity 
toward  the  upper  wall,  w^iere  the  decomposition  of  the  rock- 
surface  may  be  followed  by  its  disintegration  so  as  to  cause  the 
exposure  of  fresh  faces  for  further  dissolution. 

Illustrations  of  these  conditions  may  be  seen  in  Figs.  1  and 
2.  The  first  is  reproduced  from  a  sketch  made  June  25,  1895, 
in  the  lower  level  of  the  Union  and  Companion  mine  at  Cornu- 
copia, Union  county,  Oregon.  It  represents  the  breast  of  the 
north  drift  on  the  west  vein.  The  countr}',  a  fine-grained 
granite,  is  not  visibly  altered  under  the  foot-wall ;  but  along  the 
hanging  it  exhibits  an  alteration  of  its  more  soluble  ingredients. 
There  is  a  slight  selvage,  D,  separating  the  granite  from  the 
pay-ore,  C,  which  is  about  10  inches  thick,  and  consists  of  rib- 
bons of  quartz,  impregnated  with  pyrite  and  alternating  with 
strips  of  altered  country.  A  distinct  parting,  unaccompanied 
by  any  apparent  selvage,  divides  this  streak  of  ore  from  one,  B, 
below  it,  which  is  twice  as  thick,  but  much  less  gold-bearing. 
This  part,  B,  of  the  vein  consists  of  white  quartz,  carrying  occa- 
sional patches  of  pyrite,  and  marked  by  large  inclusions  of 
slightly  altered  country,  arranged  along  the  foot-wall,  where  a 
thin  selvage  separates  them  from  the  outer  granite.  The  evi- 
dence of  vein-structure  embodied  in  this  figure  permits  diverse 
interpretations.  The  upper  pay-streak,  C,  appears  to  me  to  be 
country-rock,  in  place,  decomposed,  fractured,  and  silicified, 
with  accompanying  precipitation  of  gold.  The  central  wall 
may  have  been  the  original  hanging-wall.  The  present  foot- 
wall  is  sufficiently  distinct ;  but  the  occurrence  of  the  pieces  of 
enclosed  country  leads  me  to  believe  that  at  an  earlier  stage 
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the  foot-wall  was  broken  and  irregular ;  the  shape  and  position 
of  the  fragments  of  rock  now  lying  upon  it  being  such  as  to 
render  it  doubtful  that  they  could  have  l)een  detached  from  the 
hanging. 

Fig.  2*  was  drawn  Mav  10,  1893,  in  the  'Ho.  4  level,  north, 
of  the  Hillside  mine,  Yavapai  county,  Arizona.  The  lode  oc- 
cupies a  strong  fissure,  cutting  almost  vertically  through  the 
nearly  horizontal  layers  of  a  quartzose  talc  schist,  B  B.  The 
original  line  of  fracturing  is  probably  now  occupied  by  the 
seam,  C,  6  inches  thick,  of  white  talcose  clay,  covering  the  foot- 
wall.  The  ore-bearing  portion,  D,  of  the  lode  is  formed  by  an 
irregular  mineralization  of  the  hanging-wall  country,  extending 
to  a  distance  of  from  15  to  18  inches,  and  presents  an  intricate 
medley  of  quartz,  pyrite,  zinc-blende  and  a  little  galena,  carr^-- 
ing  about  1  ounce  of  gold  and  25  ounces  of  silver  per  ton. 

The  most  noteworthy  feature  of  the  section  is  the  occurrence 
in  the  hanging,  on  the  outer  confines  of  tlie  main  ore-streak,  of 
several  irregular  cavities.  A,  A,  whose  inner  surface  is  covered 
by  a  series  of  siliceous  coatings,  evidently  deposited  by  min- 
eralizing waters  that  have  circulated  through  them.  Along 
the  outcrop  of  the  lode,  at  Wikiup  Point,  there  occur  hollows 
in  the  schists,  of  a  character  similar  to  those  above  described, 
and  of  such  a  shape  as  to  suggest  that  their  origin  was  due  to 
the  removal,  by  waters  carrying  carl)onic  acid,  of  certain  por- 
tions of  the  country,  rendered  soluble  by  the  segregation  of 
lime.  As  the  fourth  level  nearly  follows  the  water-level  of  the 
mine,  and  the  siliceous  encrustations  were  stained  with  iron 
oxide,  the  formation  appears  to  have  been  due  to  what  Posepny 
called  the  vadose  circulation.  On  the  other  hand,  the  im- 
pregnation of  the  hanging-wall  country  by  sulphides  cannot  be 
ascribed  to  oxidizing  w^aters,  and  must  have  taken  place  at  an 
earlier  period,  Avhen  the  surface  was  relatively  more  distant. 

The  lode  follows  a  fissure  formed  along  the  axis  of  a  syn- 
clinal bend  in  the  schists,  and  often  very  noticeably  reproduces 
the  structure  of  the  country  which  it  has  in  part  replaced ;  the 
ore  breaking  along  lines  corresponding  to  the  almost  horizon- 
tal foliation  of  the  schists.  The  width  of  the  ore  is  very  ir- 
regular. That  occasionally  found  under  the  clay  seam  is  rarely 
rich  enough  to  mine ;  the  main  pay-streak  being  that  portion 

*  See  also  IVans.,  xxiv.,  9i5. 
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of  the  vein  bounded  underneath  by  the  clay  and  extending  into 
the  hanaiing  until  the  mineralization  becomes  so  meager  that 
"  ore  "  becomes  "  country-rock." 


Fig.  3. 


LIMESTONE  [■'.■.■.]  COARSE  SANDSTONE      ^^^  FINE  GRAINED  SANDSTONE 

CZD  QUARTZ  gSp  RHODOCHROSITE        (^)  ore  (^S)  SELVAGE 

ENTERPRISE    MINE,   COLORADO. 


"When  a  vein  occurs  in  a  formation  composed  of  several  kinds 
of  rock  it  may  cut  across  the  lines  of  parting  and  be  labelled  a 
"  true  fissure  ;  "    or  it  may  conform  to  them,   and  become    a 
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"  bedded  vein,"  if  the  two  beds  happen  to  he  simihir,  or  a 
"  contact-vein,"  if  they  are  dissimiL^r.  It  is  evident  that,  when 
a  vein  crosses  the  bedding  of  a  series  of  sedimentary  rocks,  the 
difterences  between  the  enclosing  walls  at  any  given  place  will 
depend  upon  the  thickness  of  the  beds  traversed,  and  the  ex- 
tent of  the  faulting  of  the  country  along  the  line  of  the  fissure. 
When  the  faulting  is  slight,  the  change  in  the  wall-rock  willbe 
practically  simultaneous  for  both  sides  of  the  vein ;  while,  when 
the  dislocation  is  equal  to,  or  exceeds,  the  thickness  of  the 
members  of  a  series  of  dissimilar  beds  so  intersected,  the  oppos- 
ing walls  may  be  entirely  dissimilar.  This  is  illustrated  in  Figs. 
3  and  4. 

Fig.  3  represents  the  breast,  on  August  14, 1894,  of  the  north 
drift  of  the  Jumbo  ISTo.  2  vein,  on  the  Group  tunnel  level,  in 
theJ!lnterprise  mine,  at  Rico,  Dolot-es'  county,  Colorado,  The 
vein  follows  a  fault-fissure  through  a  series  of  Lower  Carbonifer- 
ous shales,  limestones  and  sandstones.  The  throw  of  the  fault, 
along  which  the  ore  has  been  deposited,  is  about  2  feet ;  the 
thickness  of  the  prominent  bed  of  limestone  is  3  feet ;  and  the 
section  shown  in  the  figure  covers  7  feet  by  6.  It  is  charac- 
teristic of  the  veins  in  this  mine  that  they  split  up  and  be- 
come impoverished  in  lime,  while  in  the  sandstone,  on  the 
contrary,  they  usually  become  clean-cut,  compact  and  richly 
ore-bearing,  as  is  the  case  at  the  top  of  the  drift  represented 
in  the  figure.  In  traversing  the  lime,  the  selvage  following 
the  line  of  fissuring  is  very  noticeable ;  but  in  the  sand- 
stone, particularly  where  the  vein  splits,  the  ore  is  "  frozen," 
that  is,  his  no  evident  parting  separating  it  from  the  encasing 
rock. 

Fig.  4  is  taken  from  a  drawing  accompanying  a  note  by  Mr. 
E,  J.  Dunn,  of  the  Victorian  mining  department,  contributed 
l)y  him  to  the  Quarterly  Report  of  December  31,  1888.  It  rep- 
resents certain  features  of  the  Sunday  reef,  near  Beechworth  in 
Victoria  (Australia).  The  countrj'  consists  of  Silurian  slates 
and  sandstones,  which  have  been  faulted  about  2  feet.  Along 
this  line  of  faulting  gold-bearing  quartz  has  been  deposited ; 
and  it  is  noticeable  that  its  occurrence  is  mainly  confined  to  the 
under  side  of  the  sandstone,  while  under  the  slate  it  disappears 
and  gives  place  to  fluccan  or  clay.  I  would  suggest  that  the 
lenticular  shape  of  the  quartz-bodies  indicates  that  the  spaces 
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occupied  by  them  were  produced  by  the  movement  of  one  of 
the  walls  of  a  fissure,  following  a  line  whose  undulatory  form 
was  caused  by  the  unequal  texture  and  hardness  of  the  beds 
traversed  by  it. 

Of  the  change  observable  in  the  character  and  value  of  the 
mineral  ingredients  of  a  vein  in  its  passage  from  one  kind  of 
rock  into  another  it  is  hardly  possible  to  speak  in  parenthesis. 
One  of  the  best  known  examples  is  that  of  the  old  Dolcoath 
mine  in  Cornwall,  where  the  vein,  in  leaving  the  clay-slate 
(killas)  and  penetrating  the  granite,  changed  from  a  copper- 
bearing  into  a  tin-bearing  lode.  I  might  also  mention  the  sil- 
ver-lead veins  of  Pontgibaud,*  in  France,  which  are  in  a  gneiss 
country,  diversified  by  dikes  of  granulite.  The  ore-veins  have 
been  formed  along  fractures  within  the  dikes,  and  on  their  line 
of  contact  with  the  gneiss.  When  the  dike  diminishes  in  size, 
the  ore  decreases  in  width ;  when  the  vein  penetrates  into  the 
gneiss,  the  ore  disappears.  The  best  ore  is  associated  with  the 
kaolinization  of  the  feldspar  of  the  granulite ;  and  when  the 
latter  becomes  hard  and  unaltered  in  depth,  the  ore  pinches 
out. 

On  Newman  Hill,  Rico,  Colorado,  the  veins  of  rich  gold-  and 
silver-bearing  ores  are  noticeably  aftected  by  the  character  of 
their  rock-walls.  The  particular  changes  due  to  penetrating 
from  lime  into  sandstone  have  already  been  mentioned  in  con- 
nection with  the  veins  of  the  Enterprise  mine,  but  there  is  also 
the  more  general  observation,  that  when  the  sedimentarv  beds 
are  black,  the  veins  in  them  are  rich;  when  they  lose  that 
black  color,  the  ore  diminishes. 

Other  instances  occur  to  me,  but  the  above  are  typical.  This 
inter-dependence  between  country  and  ore  has  been  used  as  an 
argument  in  support  of  the  now  crippled  lateral-secretion 
theory.  It  has  been  suggestedf  that  this  relation,  often  no- 
ticed in  vein-mining,  points  to  the  derivation  of  the  ore  from 
the  enclosing  rock,  and  that  some  formations  have  an  enriching 
effect,  because  they  have  been  the  source  of  the  valuable  metals 

*  See  "The  Lodes  of  Pontgibaud,"  by  the  writer,  in  the  Eng  and  Min.  Jour. 
of  August  11  and  18,  1894. 

t  As,  for  instance  in  the  paper  "On  Some  Evidences  of  the  Formation  of  Ore- 
Deposits  by  Lateral  Secretion  in  the  John  Jay  mine,  at  Providence,  Boulder 
county,  Colo.,"  by  P.  H.  Van  Diest,  in  the  Proceedings  of  the  Colorado  Scientific 
Society,  vol.  iv.,  p.  340,  and  in  the  discussion  of  the  said  paper.  Id.,  p.  340. 
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now  found  in  the  veins  penetrating  them.  But  as  Cotta  long 
ago  suggested,  the  influence  of  the  physical  texture  and  chemi- 
cal composition  of  the  country,  as  facilitating  the  deposition  of 
the  ore,  may  explain  this  phenomenon.  The  former  would  affect 
the  rate  of  cooling  and  the  formation  of  adhesive  crusts.  The 
latter  would  act  by  direct  chemical  precipitation. 

As  I  suggested  in  the  discussion  of  the  paper  just  referred  to, 
the  local  enrichment  or  impoverishment  of  veins  may  be  ex- 
plained by  the  presence  or  absence  in  the  enclosing  formation 
of  precipitating  agents.  What  the  agent  has  been  we  can  only 
in  rare  instances  guess.  At  Rico  it  was  undoubtedly  the  car- 
bonaceous matter  enclosed  in  the  Lower  Carboniferous  shales, 
limestones  and  sandstones.  At  Pontgibaud  it  was  probably  the 
feldspar  which  made  room  for  the  silver-bearing  galena,  and  in 
Cornwall  also  the  beautiful  pseudomorphs  of  tinstone  after 
feldspar  suggest  similar  chemical  interchanges. 

In  the  case  of  veins  which  lie  along  the  bedding-planes  of 
sedimentary  rocks,  the  dissimilarity  between  the  enclosing 
walls  may  not  go  further  than  a  slight  difterence  in  the  grain 
of  two  beds  of  sandstone,  the  color  of  two  beds  of  slate,  etc.,  or 
it  may  reach  the  more  marked  diversity  presented  by  rocks  as 
entirely  unlike  as  a  quartzitic  sandstone  and  a  soft  slate. 

Fig.  5  represents  a  gold-vein,  following  the  bedding  of,  and 
encased  by,  a  band  of  black  slate,  which  is  in  turn  flanked  on 
either  side  by  light  gray  slates.  The  ore  consists  of  ribbons  of 
quartz,  mingled  with  strips  of  included  country,  and  separated 
from  the  outer  slates  by  a  selvage,  faint  on  the  hanging-  but 
strong  on  the  foot-wall.  The  dra^ving  was  made  July  3,  1895, 
in  the  upper  level  of  the  Bonanza  mine.  Baker  county,  Oregon, 

The  comparatively  straight  walls  of  ordinary  vein-mining 
occasionally  give  place  in  veins  of  the  bedded  class  to  surfaces 
having  a  marked  curvature.  Such  walls  characterize  the  sad- 
dle-reef, a  type  of  lode-structure  common  in  only  two  known 
mining  districts,  namely,  Bendigo  in  Australia  and  Waverly  in 
Nova  Scotia — unless  it  be  true,  as  is  now  stated  on  good  au- 
thority, that  the  Broken  Hill  lode  in  New  South  Wales  is  also 
a  saddle-reef 

In  these  regions,  gold-bearing  quartz  is  found  along  the  bed- 
ding-planes of  folded  sedimentary  rocks.  While  anticlinal 
folds  (or  saddles)  alternate  with  synclines  (inverted  saddles  or 
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troughs),  experience  has  shown  that  the  ore-deposition  is  mainly 
confined  to  the  former.  Such  a  formation  will  oiFer  many 
striking  features,  because  of  the  occasionally  very  regular  cur- 
vature of  the  walls.  I  remember,  for  instance,  standing  in  the 
stopes  just  above  the  980-foot  level  in  the  Johnson's  mine  at 
Bendigo,  and  seeing  the  foot-wall  curve  underneath  like  the  top 
of  a  boiler,  while  the  hanging  arched  overhead  like  a  Roman 
bridge.  This  was  the  apex  of  a  saddle,  as  illustrated  in  Fig.  7, 
reproduced  from  a  sketch  made  at  the  time.*  The  lode  is  seen 
to  consist  of  white  quartz  about  2^  feet  thick,  separated  from 
the  overlying  sandstone  by  a  very  regular  parting  of  black  clay. 
Underneath  is  about  a  foot  of  sandstone,  then  a  dark  seam  of 
slate,  from  5  to  6  inches  thick,  whose  parting  from  the  next  bed 
of  sandstone  is  marked  by  streaks  of  quartz,  thinning  out  both 
east  and  w^est. 

The  downward  continuation  of  such  a  formation  (the  "  legs 
of  the  saddle  ")  presents  the  appearance  of  an  ordinary  bedded 
vein,  usually  marked,  however,  by  a  noteworthy  want  of  per- 
sistence of  ore  in  depth.  Of  the  many  drawings  illustrating 
such  veins  already  contributed  to  the  Transactions,^  I  have  re- 
produced, in  Fig.  6,  the  breast  of  the  north  end  of  the  1990-foot 
level  in  the  Shenandoah  mine  at  Bendigo.  The  lode  carries  2 
feet  of  closely-laminated  quartz,  from  which  spurs  or  stringers 
go  off  into  the  underlying  sandstone.  The  hanging  shows  a 
gouge  or  selvage,!  separating  the  quartz  from  the  overlying 
slate. 

Many  veins  follow  the  contact  between  eruptive  dikes  and 
the  metamorphic  or  sedimentary  formations  which  they  have 
penetrated.  The  dikes  of  quartz-andesite  porphyry  traversing 
the  granitoid  gneiss  of  the  earliest  mining  districts  of  Colorado 
(in  Boulder,  Gilpin  and  Clear  Creek  counties)  offer  many  ex- 
amples of  this  type  of  vein-structure.  In  such  cases  the  miner- 
alization may  often  be  found  to  have  spent  itself  on  the  more 

*  October  5,  1890.     See  also  Trans.,  xx.,  506. 

t  By  the  writer  in  vols.  xx.  and  xxi. 

X  "Selvage,"  "gouge,"  "dig,"  "pug,"  "fluccan"  are  all  more  or  less  syn- 
onymous. "A  layer  of  soft  stuff"  would  cover  them  all.  It  is  perhaps  worthy 
of  notice,  however,  that  our  "  selvage,"  used  in  this  sense,  is  not  the  exact  syno- 
nym, as  it  has  often  been  supposed  to  be,  of  the  German  Saalband.  A  Saalhaml  is  a 
definite  wall,  as  distinguished  from  a  gradual  transition  from  vein  matter  into 
country-rock.     A  layer  of  s>oft  material  on  the  wall  is  a  Besiey. 
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soluble  porphyritic  igneous  rock,  rather  tliau  upon  the  less 
soluble  metamorphic.  The  walls  of  such  veins  will  vary,  as 
the  ore  deposition  has  followed  either  fractures  along  the-  im- 
mediate contact,  or  those  which  ramify  into  the  body  of  the 
dike,  or  those  again  which  cut  across  the  latter,  where  its  irregu- 
lar outline  has  been  an  obstacle  to  the  main  line  of  fissuring. 
These  ideas  are  illustrated  in  the  diagrams  A,  B  and  C,  Fig.  8. 

The  California  mine,  in  Gilpin  county,  offers  many  examples 
of  such  vein-phenomena.  Figs.  9  and  10  represent  the  western 
ends  of  the  2000-foot  and  the  2100-foot  levels,  as  seen  on  July 
13,  1892.  In  the  first  the  vein  is  seen  to  lie  between  mica- 
schist,  on  the  foot,  and  "  porphyry,"  on  the  hanging.  The 
"  porphyry"  forms  part  of  a  dike,  17  feet  thick,  of  dacite  or 
quartz-andesite,  and  is  both  brecciated  and  much  decomposed 
near  the  lode,  from  wdiich  it  is  separated  by  a  dark  band  of 
"  flint,"  which  consists  of  small  fragments  of  porphyry  ce- 
mented together  by  a  very  dark  chalcedonic  quartz.  Under- 
neath this  there  are  5  inches  of  white  kaolinized  porphyry, 
containing  threads  of  iron  and  copper  pyrites.  Xext  comes  an 
inch  and  a-half  of  quartz  and  feldspar  intermingled ;  then  a  band 
of  included  country,  part  gneiss  and  part  mica-schist,  w^hich  is 
subdivided  by  a  streak  of  pyrite.  Finally  there  is  an  irregular 
foot-wall ;  the  lode-filling  shading  off"  into  the  soft  mica- 
schist  which  underlies  the  vein. 

The  lower  level,  shown  in  Fig.  10,  exhibits  a  marked  differ- 
ence. The  lode  has  crossed  the  dike,  and  the  porphyry  forms 
the  foot-w^all.  Next  comes  a  thickness  of  6  to  8  inches  of  white, 
soft,  decomposed  porphyry,  then  a  black  selvage,  with  slicken- 
sides  on  the  lower  side.  Then  come  tw^o  bands  of  mineralized 
porphyry,  separated  by  thin  partings.  The  main  width  of  ore 
consists  of  about  2  feet  of  lode-filling  traversed  by  patches  and 
streaks  of  pyrite.  Fragments  of  porphyry  can  also  be  recog- 
nized in  it.  This  is  separated  from  the  overhanging  gneiss 
and  mica-schist  by  a  selvage  of  varying  thickness. 

In  the  neighboring  Indiana  claim,  the  California  vein  exhib- 
its certain  changes,  the  most  evident  of  which  are  the  absence 
of  selvages,  the  indistinctness  of  its  limits  and  the  brecciation 
of  the  vein-filling.  This  is  suggested  in  Fig.  11,  which  repre- 
sents the  breast  of  a  stope  above  the  800-foot  level  west,  as  ob- 
served November  13,  1895.     The  enclosing  country,  A,  A,  is  a 
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granite  almost  destitute  of  mica.  The  part  B  is  bespattered 
with  pyrite.  The  best  ore  is  a  seam,  C  C,  of  black  zinc-blende 
liiiing  the  hanging-wall.  J)  is  evidently  brecciated.  The 
larger  part  of  the  section  consists  of  slightly  altered  country  (E 
E)  reticulated  with  seams  of  blende,  following  joint-fractures. 
The  foot-wall  of  the  vein  is  considered  to  be  under  the  bands  of 
zinc-blende  and  copper  pyrites  occurring  along  F  F.     The  en- 
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tire  width  is  about  4  feet.  The  lode  has  departed  from  the 
dike,  with  which  it  is  so  closely  associated  in  the  neighboring 
mine ;  but  the  workings  show  that  it  meets  this  dike  at  inter- 
vals, and  is  benefited  by  the  intersection. 

That  the  vein  follows  the  line  of  a  fault  can  be  seen  by  ex- 
amining the  walls  of  the  2000-foot  level  in  the  California  mine, 
more  particularly  at  points  betw^een  350  and  450  feet  west  of 
the  shaft,  where  the  lode  has  left  the  dike  entirely,  and  is  en- 
cased in  the  gneiss  and  mica-schist.  The  country-rock  on  the 
two  sides  of  the  drift  is  not  the  same.  The  extent  of  the  throw 
of  the  fault,  however,  could  not  be  measured. 
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Ill  the  course  of  the  foregoing  descriptions  of  lode-structures, 
mention  has  been  repeatedly  made  of  the  occurrence  of  clay 
selvage,  following  sometimes  one,  sometimes  both,  of  the  walls 
of  a  vein.  This  "  clay  "  may  occasionally  be  material  precipi- 
tated from  solution ;  ordinarily  it  is  only  crushed  rock.  It  fre- 
quently encloses  exquisite  mineral  specimens,  because  its  soft 
consistency  has  permitted  untrammeled  crystalline  growth. 
Most  examples  of  well-developed  crystals  of  native  gold  have 
been  discovered  under  such  conditions.  This  is  the  cas.e  at 
Cripple  Creek,  Colo.,  where  the  gouge  or  clay  has  been  dried 
and  hardened  near  the  surface,  and  as  a  crumbly  earth,  made 
purple  by  the  presence  of  fluorite,  carries  beautiful  crystals  of 
gold  pseudom Orphic  after  sylvanite  and  calaverite.  The  exquisite 
leaf-gold  specimens,  for  which  Farncomb  hill  (Breckenridge, 
Summit  county,  Colo.)  is  so  famous,  are  found  imbedded  in 
talcose  clay.  Large  pieces  of  pure  argentite  are  often  found  in 
such  an  environment,  as  at  the  De  Lamar  mine,  in  Owyhee 
county,  Idaho.  Wire-silver  also  has  been  found  in  compara- 
tively large  amount  encased  in  such  a  "  mud  "  in  many  Lead- 
ville  mines;  notably  at  the  Crown  Point,  in  1886. 

By  reason  of  their  opposition  to  the  passage  of  water  such 
seams  of  clay  protect  the  rock-surface  of  vein-walls,  and  under- 
neath them  there  will  occasionally  be  found  comparatively  fresh 
and  unaltered  rock  having  beautifully  polished  faces  or  slicken- 
sides.  At  Ballarat,  in  Australia,  I  have  seen  many  such  rock- 
faces  like  finished  ivory  in  their  smoothness,  and  streaked  with 
black  lines,  due  to  the  grinding  of  specks  of  pyrite.  In  the 
Bonanza  mine,  Baker  county.  Ore.,  there  could  be  seen  quite 
recently  an  exquisite  example  of  such  an  occurrence.  In  an 
upper  drift  there  was  at  one  place  a  surface  of  a  few  feet  square 
(on  one  of  the  walls  of  a  gold-bearing  quartz-vein)  covered  by 
a  thin  layer  of  black  clay,  under  which  lay  what  seemed  a  white 
enamel  of  very  remarkable  delicacy.  It  could  not  be  removed 
without  breaking,  because  it  was  very  friable,  consisting  essen- 
tially of  crushed  quartz  partially  recemented,  probably  by 
pressure. 

"  The  handwriting  on  the  wall  "  is  not  always  easy  to  deci- 
pher. The  lines  or  striae  occasionally  to  be  seen  upon  its  sur- 
face have  been  held  to  indicate  the  direction  of  that  movement 
(or  succession  of  movements)  of  the  opposing  rock-planes  to 
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which  the  deposit  of  ore  primarily  owed  the  opportunity  for  its 
existence.     These  lines,  however,  sometimes  have  opposite  di- 


o 

o. 

< 
a: 

s 

o 
o 


rections  within  a  short  distance  and  offer  conflicting  evidence 
hard  to  explain. 
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Rarely  is  a  story  toM  inore  clearly  tlian  in  the  ripple-marked 
foot-wall  which  was  to  be  seen  in  October,  1891,  in  the  John- 
son's mine  at  Bendigo.  It  had  been  very  difficult  to  distinguish 
the  bedding  of  the  country,  because  the  development  of  a 
strongly-marked  cleavage  had  obliterated  the  lines  of  original 
sedimentation.  At  the  1065-foot  level,  however,  the  matter  was 
made  plaiii.  For  more  than  100  feet  square  the  surface  of  the 
foot-wall  was  covered  with  ripple-markings.  The  crests  of  the 
waves  were  about  3  inches  apart  and  presented  all  the  little  ir- 
regularities to  be  seen  to-day  when  the  wind  blows  over  the  shal- 
low waters  of  an  estuary  and  imprints  the  evidence  of  its  action 
upon  the  yielding  sand.  The  markings  had  been  pjrotected 
by  layers  of  Silurian  sediment,  and  the  whole  series  had  been 
indurated  into  rock,  the  sand  which  bore  the  markings  becom- 
ing quartzitic  sandstone,  and  the  overlying  mud  slate.  Between 
them,  as  within  the  phages  of  a  book,  was  preserved  the  conclu- 
sive evidence  of  the  original  pjosition  of  the  beds  of  rock  enclos- 
ing the  reef,  which  had  been  formed  in  later  times,  when  fissur- 
ing;  had  made  room  for  the  circulation  of  underground  waters 
and  the  deposition  of  the  gold-bearing  quartz. 

In  the  above  interesting  case  the  corrugation  of  the  foot-wall, 
due  to  the  ripple-markings,  rendered  difficult  the  detachment 
of  the  ore.  Distinct  walls,  especially  when  accompanied  by 
selvage,  are  very  useful  in  actual  mining;  but  they  are  not  by 
any  means  necessarily  indicative  of  a  productive  vein,  or  par- 
ticularly favorable  to  the  continuity  of  the  ore.  A  "  clean  " 
wall  and  a  good  "  gouge  "  are  welcomed  by  the  miner  l>ecause 
they  ease  his  toil ;  but  the  idea  that  their  presence  alongside  a 
lode  gives  it  a  character  better  than  another  unprovided  ^^'ith 
such  adjuncts  is  a  dangerous  delusion.  In  many  mines,  more 
ore  has  been  lost  through  the  persistent  following  of  a  "  wall," 
without  exploring  beyond  it,  than  was  ever  compensated  for  by 
the  greater  facility  given  by  such  a  pjarting-plane  ibr  the  break- 
ing of  the  ore  found. 

Many  veins  have  no  defined  walls,  but  gradate  imp>erceptibly 
into  the  enclosing  country,  and  are  bounded  only  by  the  com- 
mercial value  of  the  material  mined.  Such  veins  are  to  be 
seen,  for  instance,  in  the  mountains  that  overlook  Silver  Plume, 
Clear  Creek  county,  Colo.  Fig.  12  represents  a  sketch  made 
May  27,  1892,  from  the  300-foot  level  of  the  Seven-Thirty  mine. 
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A  fracture  penetrating  the  metamorphie  granite  carries  ore  on 
both  sides,  which  diminishes  in  richness  as  it  spreads  into  the 
encasing  countr}-.     The  joints  in  the  granite  are  evident. 

In  this  mine  the  so-called  "  walls "  are  often  simply  two 
parallel  veins  (rich,  but  very  small),  separated  by  clean,  hard 
country.     This  is  illustrated  in  Fig.   18,  which  was  obtained 


Fig.  14. 
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from  the  same  level  about  1000  feet  further  east.  The  grani- 
toid gneiss  is  traversed  by  two  streaks  of  ore,  of  which  the  one 
to  the  right  is  much  the  richer.  Between  them  there  are  at 
least  two  well-marked  parallel  fractures  devoid  of  ore.  The 
vein  to  the  left  has  a  thin  selvage,  under  which  there  is  a  streak 
of  quartz  carrying  a  little  silver-ore  ;  but  the  companion-vein  to 
the  right  follows  a  fracture,  unaccompanied  by  any  selvage, 
whose  upper  side  is  impregnated  with  about  3  inches  of  tetra- 
hedrite,  galena,  and  polybasite. 
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Where  ore  is  absent  in  the  Seven-Thirty  mine,  the  walls 
are  apt  to  be  particularly  well-defined  ;  and  when  there  is  any 
thickness  of  rich  silver-bearing  mineral  present,  the  walls  are 
scarcely  to  be  distinguished,  and  the  rock  is  hard  to  break,  be- 
cause it  is  destitute  of  convenient  partings.  The  large  veins 
carrying  gouge  are  found  to  be  uniformly  poor,  except  where 
they  meet  the  very  narrow  rich  streaks  which  constitute  the 
resource  of  the  property.  The  Seven-Thirty  vein  proper  is 
only  2^  inches  thick,  but  it  is  very  persistent  through  the  midst 
of  hard  crystalline  rocks,  and  it  has,  for  twenty  years,  proved 
very  productive. 

In  many  mines  one  vein  only  is  exploited,  and  cross-cutting 
the  country  in  search  for  parallel  lodes  is  entirely  neglected. 
In  others,  a  cross-cut  is  stopped  as  soon  as  it  reaches  the  further 
wall  of  the  particular  vein  it  was  started  to  reach.  Both  these 
unwise  practices  are  founded  upon  a  misconception  of  lode-struct- 
ure, due  to  a  narrow  interpretation  of  the  early  teachings  of 
economic  geology,  which  lays  a  misleading  emphasis  upon  the 
definition  and  clean-cut  boundaries  of  so-called  "  true  fissure- 
veins."  The  fact  is,  as  daily  observation  proves,  that  there  are 
walls  within  walls,  and  walls  beyond  walls ;  and  that  to  follow 
closely  any  particular  hard,  smooth  rock-surface,  with  the  idea 
that  it  is  the  utmost  limit  of  ore-occurrence  in  any  particular 
mine,  is  to  be  blind  to  the  realities  of  geological  structure. 

Fig.  14  represents  the  face  of  a  drift*  in  the  Canton  mine, 
near  Waipori,  Otago,  New  Zealand.  A  A  is  the  reef,  a  vein 
of  quartz  which  is  supposed  to  lie  immediately  upon  the  foot- 
wall.  Along  B  B  the  quartzose  schist  is  soft,  and  the  included 
quartz-folia  are  much  twisted.  C  C  is  one  of  the  so-called 
"  false  hanging-walls."  Along  A  A  and  C  C  faulting  is  evi- 
dent, along  B  B  distortion  only.  It  was  not  possible  to  say 
where  the  lode  ended,  or  where  it  began.  The  whole  width 
from  A  to  C  was  known  to  be  gold-bearing,  although  A  A 
served  as  a  guide  in  following  the  gold-bearing  channel. 
Nevertheless  those  who  were  working  the  mine  had  little  com- 
prehension of  the  formation,  particularly  of  its  essential  lack 
of  definition,  and,  vdiile  admitting  that  there  were  several 
"  false  hanging-walls,"  insisted  that  there  was  only  one  foot- 
wall  (underneath  A  A)  which  was  stated  to  be  of  a  different 

*  On  November  15,  18*^0.     See  also  Trans.,  xxi.,  415. 
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kind  of  rock,  and  exceptionally  hard.  On  examination  I  found 
that  the  rock  of  the  supposed  foot-wall  wa&  similar  to  that 
of  the  rest  of  the  gold-bearing  country  forming  the  lode,  and 
on  a  sample  of  it  being  crushed  and  tested  in  a  prospector's 
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pan,  it  was  discovered  to  be  richer  than  that  which  was  being 
actually  mined.  It  was  scarcely  necessary  after  that  to  insist 
that  a  cross-cut  should  be  made  into  the  foot-wall. 

Fig.  15  represents  the   north  breast*  of  the  lower  level  on 
the  main  lode   in    the  Union   and  Companion    mine,  Union 

*  On  June  26,  18'.'5. 
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county,  Oregon.  It  illustrates  the  occurrence  of  "  walls  within 
walls,"  for  while  the  lode  maybe  limited  by  the  main  boundaries 
along  E  and  D,  there  are  at  least  two  partings  (G  and  H)  equally 
well-defined,  subdividing  the  enclosed  width  of  ore.  The  coun- 
try is  a  fine-grained  granite,  which,  near  the  hanging,  is  de- 
composed and  ore-bearing.  D  is  a  streak  of  granular  crushed 
country,  mixed  with  lenticles  of  white  quartz  whose  longer 
axes  are  parallel  to  the  lode-w^alls.  D  is  from  3  to  7  inches 
wide,  and  carries  only  traces  of  gold.  A  consists  of  white 
hackly  quartz  spotted  with  iron  pyrites.  It  is  from  14  inches 
to  2  feet  wide,  and  contains  about  |  an  ounce  of  gold  per  ton 
of  ore.  Then  comes  a  hard  regular  "  wall,"  separating  A  from 
B,  which  is  the  main  pay-streak,  ribboned  with  veins  of  iron 
and  copper  pyrites.  The  width  is  from  2|  to  3  feet,  and  the 
ore  averages  about  2  ounces  in  gold  and  8  ounces  in  silver. 
Then  follows  a  parting  marked  by  a  slight  selvage,  underneath 
which  comes  a  10-  to  15-inch  band  (C)  of  ribboned  white  quartz, 
stained  by  the  oxidation  of  copper  pyrites  and  carrying  about  5 
pennyweights  of  gold  per  ton.  Then  comes  the  main  foot-wall 
with  its  streak,  1  to  3  inches  thick,  of  granular  crushed  country, 
mixed  with  clay.     The  underlying  rock  is  but  little  altered. 

Fig.  16  affords  an  example  of  "  walls  beyond  walls."  It  rep- 
resents a  section  obtained  at  the  station  on  the  500-foot  level  in 
the  Mammoth  mine,  Pinal  county,  Ariz.  The  Mammoth  lode 
traverses  hornblende-granitite,  porphyrite  and  a  porphyry 
agglomerate.  The  lode-filling  consists  of  altered  country,  and 
therefore  changes  as  the  lode  in  its  strike  penetrates  first  one 
kind  of  rock  and  then  another.  When  standing  in  the  stopes 
it  is  not  difficult  to  recognize  in  the  ore  the  reproduction  of  the 
habit  of  either  the  granite  or  the  porphyrite  by  whose  altera- 
tion the  lode  was  produced.  The  country  near  the  lode  is 
much  altered  and  often  visibly  gradates  into  the  ore,  while,  as 
the  lode  is  receded  from,  these  effects  diminish  until  they  be- 
come confined  to  the  faces  of  the  rock  lining  the  fractures.  The 
granitite  carries  two  feldspars,  of  which  the  pink  orthoclase  is 
evidently  more  stable  and  succumbs  to  decomposition  less 
quickly  than  the  green  plagioclase.  The  ore  is  both  gold-  and 
silver-bearing,  but  chiefly  valuable  for  gold.  The  great  variety 
of  associated  minerals  includes  some  uncommon  species,  such 
as  wulfenite  (usually  colored  by  vanadic  acid),  vanadinitc,  des- 
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cloizitc,  ecdemitc,  dccheiiite,  liuarite,  besides  the  commoner 
anglesite,  pyromorphite,  cerussite,  malachite,  dioptase,  azurite, 
and  a  little  galena  and  pyrite.  Referring  to  the  drawing  (made 
March  17,  1893),  the  edge  of  the  ore  is  shown  at  A;  it  becomes 
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mixed  Avith  altered  granular  country  (along  B)  in  approaching 
the  "  main  foot-wall."  This  is  followed  by  the  granitite  itself, 
in  which  there  are  well-defined  walls  (or  fractures  parallel  to 
the  lode-channel)  and  cross-joints,  often  lined  with  exquisite 
crystals  of  vanadinite  and  wulfenite. 

Going  to  the  Pacific  coast.  Fig.  17  represents  a  part  of  the 
west  side  of  the  so-called  "  mother  lode  "  of  California.     The 
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drawing,  made  May  21,  1891,  is  a  portion  of  the  face  of  a  large 
open  cut  at  the  Gold  Cliff  mine,  Angel's  Camp,  Calaveras 
comity,  Cal.,  near  the  now  well-known  Utica  mine.  The  ore- 
channel  consists  of  a  country-rock  traversed  by  cross-veins  of 
white  gold-hearing  quartz.  The  country-rock  is  a  greenish- 
gray  augite  schist  (probably  at  one  time  a  diabase),  carrying 
coarse  pyrite  near  the  gold-quartz. 

There  are  "  walls  "  ad  infinitum..  Each  cuts  off  the  quartz- 
seams,  which  occur  again  on  the  further  side  and  extend  to  the 
next  "  wall,"  where  they  are  terminated  as  before,  and  so  on. 
A  certain  portion,  20  to  30  feet  in  width,  of  this  channel  of 
country  is  rich  enough  to  work,  and  is  sent  to  the  mill,  but  the 
poorer  material  which  lies  beyond  it  has  an  identical  geological 
structure.  Of  course,  in  such  a  case  the  "  main  walls  "  will 
depend  for  their  determination  upon  commercial  rather  than 
geological  conditions. 

Another  case  in  point  is  presented  at  the  Cashier  mine  in 
Summit  county,  Colo.,  as  illustrated  in  Fig.  18,  which  shows  a 
part  of  an  open  cut  on  the  lode,  as  seen  August  22,  1895.  The 
latter  consists  of  altered  quartz-felsite,  rendered  porphyritic  by 
•large  crystals  of  feldspar.  It  is  spoken  of  as  a  vein  45  feet  wide, 
having  a  hanging-wall  of  porphyry  and  a  foot-wall  of  lime.  The 
ore  is  said  to  be  penetrated  by  dikes  of  porphyry.  The  facts 
are  really  these :  A  certain  width  of  quartz  felsite  within  the 
neighborhood  of  its  contact  with  the  limestone  has  been  acted 
upon  by  inineral  solutions  which  probably  came  up  along  that 
contact.  ^  There  are  no  walls,  the  porphyry  of  the  hanging  be- 
ing simply  the  rock  of  the  ore-channel  in  a  less  altered  condi- 
tion. The  feldspar  of  the  lode-rock  has  been  leached  out.  In 
the  cavities,  now  partially  filled  with  crystalline  quartz,  iron 
oxide  and  gold,  there  can  be  distinguished  the  outlines  of  the 
large  (J  to  1|  inches)  crystals  of  orthoclase  whose  removal 
made  the  rock  porous  to  circulating  waters.  The  mineraliza- 
tion is  indicated  by  the  softening  and  reddening  of  the  por- 
phyry and  is  most  marked  along  the  joints,  especially  where 
they  intersect.  There  are  occasional  portions  of  the  rock  com- 
paratively unaffected  by  the  leaching  agencies,  and  therefore 
appearing  as  hard,  unstained  nuclei  amid  a  mass  of  softer  red- 
dish ore.  It  is  these  that  are  locally  termed  "  horses "  and 
'  dikes  "  of  porphyry. 
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Lodes  subdivided  bv  partings  parallel  to  their  outer  walls  (as 
in  numbers  1,  9,  10  and  12)  often  resemble  twin  veins  such  as 
are  actually  formed  by  the  temporary  parallelism  of  two  dis- 
tinct fissures  travelling  together  after  they  have  united.  Such 
a  case  is  shown  in  Fig.  19,  which  illustrates'  the  union  of  the 
Old  and  New  Castletown  veins  as  seen  in  the  north  face  of  the 
500-foot  level  of  the  Drumlummon  mine,  Marysville,  Mont.  The 
country  is  clay  slate.  A  B  is  the  Old  Castletown  vein,  2J  feet 
wide.  B  C  is  the  Xew  Castletown,  2  feet  wide.  There  is  no 
selvage  on  any  one  of  the  three  walls,  but  each  is  marked  by 
soft,  crushed  and  foliated  slate. 

The  generous  lodes  of  silver-bearing  copper-ore  which  at 
Butte,  Mont.,  penetrate  the  granite  are  frequently  marked  by  a 
brecciation  of  the  encasing  country  and  are  accompanied  by  a 
mineralization  of  the  o-ranite  far  bevond  the  walls  or  limits 
of  workable  ore.  In  the  300-foot  level  of  the  Gagnon  mine, 
374  feet  west  of  the  main  shaft,  a  cross-cut  shows  that  the 
lode-channel  extends  30  feet  north  of  the  supposed  foot-wall,  the 
enclosed  granite  being  broken  and  mineralized.  Beyond  this 
line  the  country  ceases  to  be  shattered  and  is  no  longer  impreg- 
nated with  ore,  but  is  comparatively  fresh,  hard,  normal  granite, 
with  a  blocky  fracture.  This  outer  foot-wall  of  the  lode-chan- 
nel is  marked,  by  the  occurrence  of  some  ore-streaks  and  an  ac- 
companiment of  seams  of  clay,  as  is  shown  in  Fig,  20  (drawn 
September  15,  1895).  The  foot-wall  country  has  a  noticeable 
number  of  slips  or  joint-planes.  It  is  separated  from  the  lode- 
channel  by  a  thick  layer  of  tough  black  clay.  Then  comes  a 
zone  of  kaolinized  granitic  filling  traversed  by  irregular  veins 
of  zinc-blende  and  pyrite.  Another  clay-seam  divides  this  part 
of  the  section  from  a  band  of  mixed  white  quartz  and  granitic 
filling,  followed  by  altered  mineralized  granite,  ribboned  with 
veins  of  gray  quartz,  whose  southern  limit  is  a  third  seam  of 
black  clay.  Then  comes  crushed,  brecciated  granite,  diversi- 
fied by  quartz  and  occasional  evidences  of  ore,  which  extends 
to  the  main  pay-vein  (on  the  hanging)  which  has  been  the 
workable  part  of  the  deposit.  The  section  in  the  figure  repre- 
sents a  width  of  6  feet. 

Fig.  21  came  from  the  east  breast  of  the  1300-foot  level,  in 
the  same  mine.  It  is  a  representative  section  of  the  main  ore- 
bearing  vein.      Granite,  visibly  altered,  marks  the   northern 
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edge  of  the  section,  which  is  the  foot-wall.  Upon  it  lie  a  few 
inches  of  breccia,  succeeded  by  8  inches  of  blende,  pyrite,  and 
enargite,  well  intermingled.  Then  come  3  feet  of  friable, 
mineralized,  light  gray  shattered  quartz,  giving  place  to  6  to  8 
inches  of  harder  quartz  streaked  with  veinlets  of  chalcopyrite 
and  bornite.  Upon  this  lies  a  foot  of  altered  granite  traversed 
by  streaks  of  quartz.  Then  come  18  inches  of  low-grade  ore, 
consisting  of  quartz,  pyrite,  blende  and  a  little  bornite,  separated 
from  the  main  pay-streak  by  6  inches  of  granitic  filling.  The 
main  pay-streak  is  from  5|  to  6  feet  wide,  and  consists  of  a 
massive  mixture  of  pyrite,  blende,  enargite  and  bornite,  carry- 
ing about  60  per  cent,  of  silica.  Between  this  and  the  hang- 
ing-wall there  is  2  or  3  feet  of  decomposed  broken  granite, 
showing  small  veins  of  ore  which  drop  into  the  main  pay-streak. 
Beyond  is  granite. 

In  mines  of  this  character,  the  geologist  may  determine  the 
existence  of  the  lode  far  beyond  the  limits  of  workable  ore ;  but 
the  miner  will  rightly  distinguish  between  what  is  mineralized* 
country  too  poor  to  exploit  and  the  concentrated  mineral  which 
will  yield  a  profit. 

That  straight  walls  are  not  the  necessary  adjuncts  of  a  vein 
of  ore  is  suggested  in  Fig.  22,  which  represents  the  breast  (on 
September  26,  1895)  of  the  hanging-wall  drift  on  the  upper 
level  of  the  Double  Extension  mine,  in  Summit  county,  Colo. 
The  lode-formation  consists  of  gently  sloping  quartzite,  cut 
across  and  broken  into  by  porphyry,  which,  as  a  dike,  forms 
"  the  main  vein,"  and  in  the  shape  of  sheets,  intercalated 
among  the  beds  of  quartzite,  makes  a  succession  of  "  floors  "  of 
gold-bearing  ore  of  widely  varying  hardness.  In  the  particular 
section  illustrated,  the  intrusive  porphyry  forms  the  hanging- 
wall,  ABC,  of  a  zone  of  ore  which  is  limited  on  its  lower  side 
by  the  ragged  edges  of  the  quartzite,  M  M.  In  this  instance 
the  conventional  straight  walls  give  place  to  one  of  extreme  and 
irregular  curvature  and   another  of  a  markedly  broken  and 

*  The  term  "mineralized,"  like  the  word  "mineral,"  is  employed  by  miners 
in  a  sense  not  sanctioned  by  the  ordinary  dictionary,  thongh  fully  entitled  by  its 
general  usage  to  such  recognition.  Dr.  Raymond's  Glossary  of  Miniiuj  and  Metal- 
lurgieal  Teitns  gives  this  sense  as  iollovs:  "Mineral.  In  miners' parlance,  ore.  .  .  . 
Mineralized.  Charged  or  impregnated  \Yith  metalliferous  mineral."  The  French 
use  mineral  and  mineraliser  in  this  sense  ;  and  I  have  adopted  it  because  no  English 
equivalent  occurs  to  me. 
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jagged   outline ;   l)iit  they  are    nevertheless  walls,  as  truly  as 
would    be   the    most    perfectly   straight,    smooth    rock   faces. 


The  porphyry,  A  C,  a  quartz-felsite,  is  bleached  to   a  yellow 
white  and  softened  to  a  granular  clay,  as  it  approaches  its  con- 
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tact  with  the  brokon  quartzite,  D.  The  latter  is  dark  bhiish- 
gray,  and  carries,  along  its  joints  and  other  fractures,  minute 
seams  of  iron-stained  ocheruus  clay,  which  is  gold-bearing.  E 
and  G  are  veins  of  such  gold-bearing  ocher.  F  is  crushed 
quartzite,  very  similar  to  D.  The  band  of  quartzite  breccia, 
H  II,  is  separated  from  an  equally  wide  Ijand  of  porphyry- 
quartzite  breccia,  L  L,  by  a  succession  of  thin  parallel  quartz- 
seams,  K  K.  Then  comes  the  foot-wall  itself.  At  'N,  under 
the  projecting  curve  of  the  porphyry  of  the  hanging,  there 
is  a  mass  of  much-shattered  quartzite  mixed  with  iron-stained 
quartz.     This  is  all  gold-bearing. 

Fig.  23,  representing  the  western  edge  of  a  "  cutting-out 
stope,"  near  the  supposed  foot-wall  of  the  lode  (as  seen  Septem- 
ber 23,  1895)  exhibits  a  somewhat  similar  complication  and 
another  curved  "  wall."  To  the  extreme  left  is  fractured  quartz- 
ite, carrying  iron-stained  clay  along  the  faces  of  fractures,  and 
divided  into  two  parts,  H  H  and  B  B,  by  a  narrow  zone,  A  A, 
of  soft  yellow  porphyry,  whose  curved  lines  of  alteration  are 
marked  by  streaks  of  gold-bearing  ocher.  The  remainder  ot 
the  section  is  all  porphyritic  material,  of  which  C  C  is  similar 
to  A  A;  T>  is  a  wedge  of  comparatively  fresh  rock,  but 
slightly  kaolinized  and  full  of  pyrite,  and  E  E  and  F  F  are  lay- 
ers of  brown  and  reddish  soft  talcose  porphyry  and  clay,  sepa- 
rated l>y  numerous  slips  or  smooth  partings  forming  "  false 
walls."  The  "  main  foot-wall  "  was  supposed  for  some  time  to 
be  the  line  of  contact  of  the  band  of  quartzite,  B  B,  with  the 
underlying  porphyry;  but  assays  have  shown  that  the  soft  de- 
composed rock  lying  beyond  it  is  fully  as  gold-bearing  as  the 
quartzite,  and  can  be  mined  with  as  much  profit  for  several 
feet  beyond  that  line. 

Xot  infrequently  veins  have  irregular  indistinct  walls  when 
ore-bearing,  and  smooth,  clearly  defined  ones  when  barren. 
Fig.  24  illustrates  the  face  (as  seen  September  15,  1895)  of  the 
west  drift  of  the  430-foot  level  on  the  middle  vein  in  the  Nettie 
mine,  near  Butte  City,  Mont.  The  south  country  is  a  fairly 
hard,  reddish  granite,  which,  in  approaching  the  hanging,  l»e- 
comes  soft  and  is  traversed  by  slips  or  joints.  On  the  hanging- 
wall  itself,  A  A,  there  is  a  seam  of  tough  black  clay,  in  which 
can  be  seen  frequent  films  of  minutely  crystalling'  blonde  and 
galena,  and  small  imbedded  shots  of  ore  and  rock.     This  over- 
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lies  a  filling  of  white  decomposed  granitic  material,  full  of  part- 
ings and  seams  of  black  clay,  such  as  C  C.  The  foot-wall,  B  B, 
is  also  marked  hy  a  black  selvage.  Underneath  it  comes  com- 
l»aratively  fresh  ''  Blue-bird  "  granite. 

Fig.  24 
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A  few  feet  further  east  this  level  carried  an  ore-body,  A  B 
in  Fig.  24  being  the  zone  so  transformed.  The  brecciated 
quartz  upon  the  foot-wall  was  the  part  of  the  vein  which  first 
became  ore.  The  sides  of  the  drift  are  now  coated  wdth  a  deli- 
cate efflorescence  of  goslarite  (sulphate  of  zinc).     In  this  con- 
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ncction  it  may  be  of  interest  to  state  that  in  the  Gagnon  mine, 
at  Butte,  three  miles  away,  the  apparently  clean  country,  at 
some  distance  from  the  lode,  was  found*  to  carry  3  per  cent,  of 
zinc,  indicating  the  extent  to  which  the  mineralizing  action  had 
penetrated. 

Figs.  25  and  26  represent  an  interesting  piece  of  evidence. 
Fig,  25  is  an  attempt  to  reproduce  in  color  a  block  of  ore  giv- 
ing a  section  of  the  Jumbo  vein,  and  broken  in  the  Enterprise 
mine  a  year  ago.  It  is  a  beautiful  example  of  ribbon-structure. 
The  general  lode  arrangement  is  shown  in  Fig.  26,  from  a 
sketch  made  Xovember  19,  1894.  The  vein  follows  a  line  of 
faulting,  nearly  at  right  angles  across  sedimentary  beds  of  alter- 
nating sandstone  and  limestone.  The  extent  of  the  fault  is 
clearly  marked  by  the  dislocation  of  the  bed  of  lime,  B  B,  and 
its  down-throw  of  about  2  feet  on  the  hanging-wall.  The 
country  on  the  foot  has  its  bedding-planes  turned  down,  while 
on  the  hanging  the  reverse  occurs. 

The  vein  is  about  a  foot  wide  and  is  composed  of  a  regular 
symmetrical  arrangement  of  diverse  minerals.  The  center  of 
the  ore  is  marked  by  a  seam  of  quartz.  The  most  remarkable 
feature  of  the  section,  however,  is  that  while  on  the  hanging 
the  ore  is  frozen  hard  to  the  sandstone,  on  the  foot  there  is  an 
actual  vacancy  separating  the  ore  from  the  country.  This  ex- 
tends for  a  few  feet  above  the  place  of  the  section,  and  is  seen 
to  find  its  downward  termination  as  soon  as  the  foot-wall  pene- 
trates into  limestone,  where  the  contact  of  the  ore  and  the  en- 
casing rock  is  only  marked  by  a  slight  selvage. 

This  description  will  render  more  intelligible  the  meaning  of 
the  detailed  section  of  the  vein  presented  in  Fig.  25,  which  is 
intended  to  portray  as  accurately  as  possible  the  characteristics 
of  the  ore-occurrence  at  the  point  in  the  lode  marked  A  on  the 
outline-drawing.  Fig.  26. 

The  main  features  arc  as  follows :  The  western  boundary  of 
the  vein  is  fairly  straight,  dipping,  as  the  vein  does,  eastward. 
It  is  separated  from  the  country-rock,  a  light-gray  medium- 
grained  sandstone,  A  A,  by  an  actual  vacant  space,  B  B,  of 
about  half  an  inch.  The  edge  of  the  ore  nearest  the  foot-wall 
consists  of  an  irregular  band,  C  C,  of  about  |  of  an  inch  of 
quartz,  speckled  with  pyrite  and  chalcopyrite.     Toward  the  bot- 

*  According  to  Mr.  C.  W.  Goodale,  the  manager. 
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torn  this  quartz   narrows,  but  becomes  clearly  defined   into  a 
crystalline  comb,  with  teeth  at  right  angles  to  the  vein. 

Then  comes  a  zone,  D  D,  averaging  1|  inches,  of  pink  rhodo- 
chrosite.  This  band  is  l)roken  into  by  veinlets  of  quartz,  some 
of  which  arc  only  branches  from  the  outer  scam,  C  C,  while 
others  traverse  the  rhodochrosite  in  bluish-gray  streaks  parallel 


Fig.  25 


to  the  general  structure,  and  are  peppered  over  with  particles 
of  pyrites. 

The  rhodochrosite  band  is  broken  on  the  right  by  the  irregu- 
lar outline  of  the  blende  and  galena,  E  E,  which  is  about  2 
inches  wide.  There  are  blotches  of  yellowish  "resin-blende" 
and  patches  of  bluish-black  galena  distributed  throughout  a  dark 
and  intricate  mixture  of  these  minerals.  They  shade  out  into 
the  white  quartz,  F  F,  which  makes  a  bilaterally  symmetrical 
<livisiou  in  the  ore.  The  dark  mass  of  the  sulphides  encloses 
shreds  of  rhodochrosite  having  distinct  outlines. 
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Along  the  median  line  of  the  central  quartz-seam,  F  F,  occurs 
a  succession  of  geoiles,  lined  not  only  with  crystals  of  the  quartz 
itself  but  also  with  l)eautiful  crystals  of  stephanite.  The  latter 
are  seen  in  irregularly  distributed  clusters.  In  the  outer  quartz 
there  are  numerous  specks  of  pyrite. 

The  eastern  half  of  the  vein  presents,  in  reverse  order,  an  ex- 
act repetition  of  the  mineral  bands  just  described.  The  separa- 
tion between  the  rhodochrosite  band  and  the  outer  quartz  is 
more  distinct.  The  dark  sulphides  also  present  a  cleaner  out- 
line. The  outer  quartz  has  its  comb-like  structure  strongly  de- 
veloped, the  points  of  the  crystals  penetrating  into  the  pink 
rhodochrosite  and  their  base  gradating  into  the  dark-gray  sand- 
stone of  the  hanging-wall.  There  is  not  the  slightest  selvage  or 
parting  of  any  sort.  The  quartz  is,  as  the  miners  say,  "  frozen  " 
to  the  sandstone.  The  latter  is  marked  by  clouds  of  dark  min- 
eral hardly  defined  enough  to  be  described  as  dendritic.  This 
feature  is  traceable  to  the  diffusion  of  minute  particles  of  pyrite 
and  stephanite.     The  rock  is  rich  enough  to  be  classed  as  ore. 

In  interpreting  this  structure,  shall  we  follow  the  explana- 
tions given  for  the  repeating  symmetry  of  the  comb-structure  of 
the  Drei  Prinzen  vein,*  and  accept  the  theory  of  successive 
crystalline  growth  from  the  sides  of  a  gaping  crevasse  ?  Or 
are  we  to  conclude  that  the  mineral  aggregates,  now  forming 
the  ore,  were  derived  by  the  substitution,  bit  by  bit,  of  rock  in 
place  by  material  deposited  from  solutions  circulating  along  the 
line  of  Assuring  ? 

Do  we  conceive  of  veins  as  formed  by  the  filling  of  pre-exist- 
ing cavities,  whatever  their  shape  may  be,  produced  by  the 
rupturing  of  the  earth's  crust,  or  do  we  believe  that  lodes  can 
be  formed  without  any  previously  prepared  vacant  space  and 
simply  by  the  chemical  interchange  vaguely  covered  by  the 
term  metasomasis  ?  or,  again,  do  both  these  explanations  find 
corroboration  in  the  daily  observations  of  the  mine  ? 

*  As  drawn  by  Von  Weissenbach  in  his  book  published  at  Leipzig  in  1836. 
Other  notable  examples  of  this  structure  are  C.  Le  Neve  Foster's  drawing  of  the 
Wheal  Mary  Ann  lode  ( in  the  Tmmaciionn.  of  tiie  Koyal  Geological  Society  of  Corn- 
wall, vol.  ix.,  1875),  and  that  of  the  Carn  Marth  lode  by  J.  H.  Collins  (in  the 
Proceedings  of  the  Institute  of  Mechanical  Engineers,  1873).  Keference  may  also 
be  permitted  to  the  writer's  four  colored  drawings  of  the  Eureka,  Songbird,  Jumbo 
and  Kitchen  veins,  accompanying  a  paper  entitled  "  Vein  Structure  in  the  Enter- 
prise Mine,"  in  the  Proceedings  of  the  Colorado  Scientific  Society  for  1895. 
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Walkino'  recently  along  the  railroad  grade    between   Ana- 
conda and  Cripple  Creek,  in  El  Paso  county,  Colorado,  I  found 


in  the  sides  of  two  open  cuts  the  testimony  transcribed  in  Figs. 
27  and  28,  one  representing  a  typical  dike  and  the  other  a  typi- 
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cal  ore-vein.  In  both  cases  the  country  is  the  coarse-grained, 
red  granite  of  the  Pike's  Peak  region.  In  both  the  jointing  is 
well  developed.  The  dark  dike  of  basalt  in  Fig.  27  cuts  clean 
through  the  red  granite.  Its  boundaries  are  clear,  there  is  no 
mistaking  the  line  of  separation.  Moreover,  it  is  evident  that 
the  walls  have  duplicate  outlines  and  that  rupturing  has  sepa- 
rated them  without  the  destruction  of  their  definition.  The 
throw  of  the  fault-fissure  followed  by  the  dike  can  be  seen  to  be 
about  14  inches,  and  its  direction  is  indicated  by  the  arrow. 

Fig.  28,  sketched  in  the  immediate  neighborhood,  illustrates 
a  gold-bearing  vein  in  the  same  granite  formation.  Here  there 
is  no  essential  difference  between  the  country  and  the  vein-fill- 
ing. The  latter  is  altered  granite,  easily  recognizable  as  such, 
in  spite  of  its  having  become  granular  and  soft  through  the 
kaoliniziition  of  the  feldspar.  The  walls  of  the  vein  are  ill- 
defined,  the  streakiness  of  the  filling  being  dimly  repeated  in 
the  encasing  rock.  The  vein-filling  assays  $2.60  gold  per  ton 
at  this  place,  but  is  richer,  without  other  material  change  of 
character,  a  few  rods  distant. 

The  dike.  Fig.  27,  is  composed  of  foreign  matter  filling  an 
evident  fissure  ;  the  vein.  Fig.  28,  is  rock  in  place  changed  into 
ore  by  the  removal  of  some  of  its  constituents  and  the  substitu- 
tion of  new  ones.  In  the  former  case  liquid  material  rose  into 
the  fissure,  probably  'pari  passu  with  its  formation.  On  the 
other  hand,  the  vein  cff  gold-ore  traversing  the  granite  gives  no 
evidence  of  the  occupation  of  a  fissure  by  the  incoming  of  new 
material.  The  ore  is  granite  in  place,  softened,  decomposed, 
discolored,  and  impregnated  with  gold,  but  still  granite,  clearly 
enough.  Some  liquid  more  subtle  than  molten  lava  was  the 
vehicle  which  brought  in  the  minute  particles  of  gold  and  re- 
moved the  alkali  of  the  feldspar.  It  was  water,  circulating 
for  long  periods,  and  patiently  searching  out  its  way,  which 
quietly  changed  the  granite  into  gold-bearing  ore. 

Is  it  necessary  in  this  case,  as  in  that  of  the  neighboring  dike, 
to  suppose  the  existence  of  an  open  fault-fissure  ?  The  evidence 
of  a  fault  along  the  course  of  the  vein  cannot  be  discovered  with 
certainty;  nevertheless,  judging  from  analogy  and  experience, 
we  would  certainly  believe  that  the  gold  has  been  deposited 
along  a  line  of  displacement.  It  seems  difficult  to  conceive 
that  any  fracturing,  such  as  marks  the  beginnings  of  vein-forma- 
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tion,  can  take  place  without  some  displacement,  however  slight, 
of  the  two  opposiiio;  rock-faces.  Without  such  dislocation, 
though  it  be  comparatively  insigniticant  in  amount,  the  fracture 
is  only  latent,  and  can  hardly  be  said  to  exist.  The  possibility 
of  a  simple  rupture,  without  any  shearing  movement  or  relative 
displacement,  cannot  be  denied;*  but  observation  underground 
indicates  that,  so  far  as  the  deposition  of  ore  is  concerned,  we 
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have  invariably  to  deal  with  rupturing  accompanied  by  a  rela- 
tive displacement  of  the  rock-walls.  In  other  words,  veins  are 
generally  built  on  fault-lines.  The  absence  of  evidence  of  such 
movement  in  a  section  on  one  particular  plane  is  not  conclu- 
sive, since  the  displacement  may  have  been  at  right-angles  to 
the  section. 

*  In  this  connection  I  would  refer  the  reader  to  the  suggestive  paper  of  Mr. 
William  Glenn  on  "The  Form  of  Fissure-Walls,  as  Affected  by  Sub-fissuring,  and 
by  the  Flow  of  Rocks,"  read  at  the  Atlanta  Meeting  of  the  Institute,  October, 
1895,  and  printed  in  Trans.,  xxv.,  499. 
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Where  a  vein  cuts  across  sedimentary  rocks,  the  dislocation 
may  be  looked  for  along  the  bedding-planes.  Such  is  the  case 
at  Rico,  in  the  Enterprise  mine  already  referred  to,  where  the 
breast  of  a  stope  will  show  a  vein  traversed  by  a  fracture  at  right- 
angles  to  its  walls,  and  apparently  unaccompanied  by  any  dis- 
location, but  further  examination  will  frequently  show  that 
there  has  been  a  displacement  of  the  country  along  the  dip 
of  the  sandstone  and  limestone  beds,  in  the  strike  of  the  vein 
itself 

The  question  here  arises,  whether  the  formation  of  the  ore- 
vein  required  the  existence  of  an  open  fissure.  In  the  particu- 
lar case  shown  in  Fig.  28,  the  quantity  of  foreign  material  within 
the  vein  is  insignificant  in  amount;  the  "  ore  "  being  simply 
altered  rock  in  place.  That  this  rock  became  mineralized  by 
the  penetration  of  metal-bearing  waters  was  probably  due  to 
the  crushing  of  the  granite  by  an  original  slight  faulting  move- 
ment, presenting  facilities  for  circulation  and  consequent  chemi- 
cal interchanges.  Minute  spaces  there  probably  were ;  but 
a  clear  opening,  or  a  slow  crevassing,  such  as  accompanied  the 
formation  of  the  neighboring  dike,  seems  hardly  needed.  The 
ribbon-structure  of  the  Enterprise  section,  in  Fig.  25,  presents 
features  much  more  difiicult  to  explain. 

When  Werner  and  his  school  attributed  the  filling  of  veins  to 
the  agency  of  descending  waters,  the  existence  of  open  fissures 
at  the  time  of  vein-formation  was  conceivable,  because  the 
theory  necessarily  restricted  such  operations  to  the  vicinity  of 
the  surface.  But  the  acceptance  of  ascending  waters  as  the 
main  agents  of  ore-deposition,  and  the  recognition  of  the  condi- 
tions possible  to  the  formation  of  large  masses  of  sulphides,  at 
once  transferred  the  laboratory  of  ore-formation  to  a  deeper 
horizon ;  and  the  suggestion  that  veins  were  filled  by  the  de- 
position of  layers  of  mineral  precipitated  from  waters  passing 
upward  along  fissures  which  were  kept  wide  open  during  such 
time  as  was  required  for  crystalline  growth  to  choke  them  with 
ore,  was  immediately  ridiculed  by  the  miner,  because  his  daily 
experience  taught  him  that  the  vein  once  deprived  of  its  filling 
did  not  remain  open,  but  was  inevitably  closed  by  the  pressure 
of  the  surrounding  rock.  In  many  cases,  in  the  absence  of  arti- 
ficial means  of  support,  his  mine-workings  collapsed,  so  that 
where  there  was  once  a  level  wide  enough  for  a  man  to  walk 
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tliroiigh,  there  came  to  be  only  a  seam  of  mud  enclosed  in 
shattered  rock. 

Despite  the  miner's  objection,  however,  there  is  evidence 
that  fissures  do  sometimes  occur,  which  have  been  sufficiently 
open  to  permit  the  tumblins;  in  of  large  pieces  of  rock.     Such 

Fig,  30. 
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an  occurrence  was  observed  in  connection  with  certain  faults 
which  disturb  the  A'^irginie  lode  at  Ttoure,  near  Pontgibaud,  ill 
France,*  where,  at  a  depth  of  164  feet  from  the  surface,  a  faults 
fissure  encloses  a  mass  of  clayey  material  containing  boulders 
of  a  black,  soft,  and  porous  rock,  which  can  be  identified  as 

*  See  Etude  sur  les  gites  mitallifhes  de  Pontgihaud  par  M.  Lodin,  Ingenieur-en- 
chef  des  Mines.  Annalesdes  Mines,  April,  1892,  and  "  Tlie  Lodes  of  Pontgibaud," 
by  the  writer,  in  Eikj.  and  Min.  Jour.,  August  11  and  18,  1894. 
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pieces  of  scoriaceous  liiva.  No  such  rock  occurred  elsewhere 
underground  ;  and  the  boulders  must  have  been  portions  of  the 
Quaternary  alluvium  which  covered  the  outcrop  of  the  lode, 
and  fell  into  it  at  the  time  of  its  intersection  by  an  open  fissure, 
which  long  post-dated  the  formation  of  the  ore-vein  itself.  The 
mines  are  in  a  district  which  has  frequently  been  subjected  to 
earthquakes,  and  in  the  heart  of  a  region  formerly  the  scene  of 
great  volcanic  activity. 

We  must  be  careful,  however,  to  distinguish  between  the  for- 
mation of  cavities  within  the  zone  of  the  vadose  circulation,  and 
their  existence  in  "  the  deep,"  where  sulphide  ores  have  their 
origin. 

Two  examples  may  be  quoted.  The  first  is  shown  in  Fig. 
29,  sketched  November  25,  1895,  in  the  stopes  above  the  800- 
foot  level  in  the  Indiana  mine,  Gilpin  county,  Colo.  The  lode, 
which  is  the  California  vein,  in  its  extension  westward  from  the 
Hidden  Treasure  mine,  is  about  2  feet  wide.  There  is  no  part- 
ing or  selvage  separating  it  from  the  country.  The  latter  is  a 
quartz-feldspar  rock,  best  described  as  granulite.  Near  the  lode 
it  is  seamed  and  sprinkled  with  pyrite^  and  sutficiently  gold- 
bearing  to  be  sent  to  the  stamp-mill.  The  main  pay-streak  is 
almost  entirely  composed  of  black  zinc-blende  which,  by  candle- 
light underground,  contrasts  strongly  with  its  encasement  of 
light-gray  country.  The  upper  part  of  the  vein,  in  this  particular 
stope,  consists  of  a  breccia  of  zinc-blende,  with  an  occasional 
spattering  of  wall-rock,  the  latter  so  disintegrated  as  to  resemble 
gravel.  At  one  point,  A  B,  there  is  a  shred  of  wall-rock  lying 
across  the  vein.  Lower  down  there  are  a  number  of  cavities 
or  vugs  scattered  among  angular  fragments  of  ore.  It  all  looks 
loose,  like  an  old  stope  filled  with  ore  that  has  been  mined,  but 
the  material  is  hard  and  difficult  to  detach  without  explosives. 
Lower  again,  the  vein  loses  both  its  cavernous  and  its  brecciated 
character,  and  consists  of  a  compact  body  of  blende.  It  may 
be  added  that,  even  where  the  brecciation  is  most  evident,  both 
walls  are  lined  with  a  few  inches  of  ore  unbroken  and  firmly 
attached  to  the  wall-rock  into  which  it  gradates.  The  vugs, 
when  first  found,  were  full  of  gas  (COj,  probably)  and  the 
miners  sufi\3red  from  l)ad  air  when  working  in  ground  of  this 
character.  The  pieces  of  blende  are  held  together  by  a  siliceous 
cement,  which  also  covers  each  fragment  in  the  form  of  a  gray- 
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blue  ehalcedoiiic  coatiuo;.  It  is  almost  certain  that  the  cavities 
above  described  contained  water,  previous  to  the  drainage  of 
the  ground  by  the  penetration  of  the  level  underneath. 

Fig,   31 
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THE  MOOSE  VEIN,  CRIPPLE  CREEK,  COLORADO. 

Another  instance  is  suggestive.  In  the  Mammoth  mine, 
Pinal  county,  Ariz.,  already  described,  the  granite  in  the  east 
cross-cut  at  the  300-foot  level,  north,  has  an  extraordinary  num- 
ber of  fissures  partially  occupied  by  broken  pieces  of  rock,  so 
wedged  in  as  to  leave  open  spaces.  The  pieces  are  not  of  any 
foreign  rock,  but  are  identical  with  the  enclosing  granite.    Fig. 
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30  is  a  reproduction  from  a  sketch  made  on  the  spot,  March  15, 
1893.  The  elongated  cavities,  such  as  that  illustrated,  were 
found  full  of  water  when  first  reached  by  the  cross-cut;  but 
the}"  became  drained  as  the  workings  tapped  them,  and  thereby 
depressed  the  water-level  of  the  mine. 

This  instance  suggests  why  mining  excavations  collapse,  and 
yet  a  natural  cavity  underground  might  remain  open.  The 
former  contains  unconfined  air  only,  while  the  latter  may  be 
tilled  with  a  confined  and  practically  incompressible  fluid, 
water. 

It  is  the  usual  experience  in  mining  that  when  the  abandoned 
workings  of  a  mine  are  flooded  they  are  less  likely  to  collapse 
than  when  they  are  dry.  This  is  due  partly  to  the  exclusion  of 
air,  and  partly  to  the  sustaining  power  of  the  water  itself,  as 
suggested  by  Mr.  P.  Argall,  in  the  E)tg.  and  3Im.  Jour.,  Sep- 
tember 23,  1893,  p.  314. 

The  formation  of  the  hollow  spaces  occasionally  seen  in  veins 
is,  I  believe,  in  most  cases  subsequent  to  the  ore  deposition,  and 
may  therefore  have  taken  place  at  a  time  wdien  erosion  had 
brought  that  portion  of  the  vein  near  to  the  surface.  The  In- 
diana section.  Fig.  29,  shows  that  the  cavities  have  been  pro- 
duced by  the  shattering  of  a  vein  of  zinc-blende  already  formed. 
The  only  occurrence  of  later  date  is  the  consolidation  of  the 
mass  by  the  agency  of  water  bearing  silica,  unaccompanied,  so 
far  as  can  be  seen,  by  the  deposition  of  any  metallic  minerals. 
In  the  Mammoth  mine,  Fig.  30,  the  blocks  of  rock  wedged 
within  the  cavities  were  coated  with  crystals  of  vanadinite  and 
wulfenite  ;  but  there  seems  to  be  no  connection  between  the 
presence  of  these  later  minerals  and  the  formation  of  the  ore- 
bearing  parts  of  the  lode.  They  are  the  result  of  secondary 
processes,  of  which  the  upper  part  of  a  lode  is  the  characteristic 
zone  of  activity. 

The  vein  in  the  railway-cut,  cited  above  as  a  type,  presents  a 
filling  readily  recognizable  as  simply  altered  rock  containing 
only  an  insignificant  percentage  of  material  foreign  to  the  com- 
position of  the  original  granite.  Nor  is  this  an  abnormal  type 
of  vein-structure.  The  rich  gold  mines  on  the  adjacent  hills 
aflbrd  numerous  examples  of  this  very  kind  of  lode-formation. 
(And  incidentally  I  would  say  that  I  know  of  no  mining  dis- 
trict which  illustrates  modern  views  on  ore-deposition  so  clearly 
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as  does  Cripple  Creek.)  Of  sueh  mines  I  would  quote  the 
Independence  vein,  whose  richness  is  such  as  to  cause  its  com- 
mercial value  to  obscure  its  scientitic  interest.  It  does  illus- 
trate very  aptly,  however,  this  part  of  our  enquiry,  because  the 
ore  is  so  very  evidently  only  altered  country-rock.  In  1893, 
when  the  workings  had  not  penetrated  far  from  the  surface,  the 
car-loads  of  ore  sent  from  this  mine  to  the  Denver  smelters 
gave  the  impression  that  some  one  had  blundered  and  either 
shipped  waste  from  a  cross-cut  or  else  switched  ears  of  bal- 
last into  the  place  of  loads  of  ore.  One  could  see  tliat  it  was 
the  normal  Pike's  Peak  granite  with  its  big  pink  feldspar,  but 
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it  required  a  trained  eye  to  note  that  the  mica  had  been  largely 
removed,  leaving  small  iron-stained  patches.  It  was  ore  by 
courtesy,  because  there  was  enough  gold  present  to  give  it  a 
certain  commercial  value ;  but  to  the  petrographer  it  was  clearly 
granite,  not  much  altered  and  but  slightly  mineralized. 

The  vein  leaves  the  granite  and,  going  northward,  penetrates 
into  andesite  breccia.  Its  character  remains  the  same ;  the  ore 
is  still  altered  country-rock ;  only  now  it  exactly  reproduces  the 
structure  of  its  new  encasement,  and  the  habit  of  the  andesite 
breccia  is  quite  evident,  although  blotches  of  sylvanite  and  liuo- 
rite  may  occasionally  try  to  obscure  it.  The  strike  of  the  vein, 
its  width,  its  richness,  all  appear  unaffected  by  the  passage  from 
one  formation  into  the  other,  while  the  change  in  the  structure 
of  the  ore  is  so  marked  as  to  render  it  easy  for  the  observer  to 
know  what  is  the  enclosino;  rock  without  lookins;  at  the  walls. 


236  VEIN-WALLS. 

In  a  case  such  as  this — and  it  is  not  abnormal — it  is  not  ne- 
cessary to  suppose  the  original  existence  of  an  open  cavernous 
fissure,  since  the  material  of  the  vein  is  the  material  of  the  rock 
which  was  there  before  vein  formation  began.  The  vein  follows 
a  line  which  became  a  path  for  metal-bearing  waters.  Minute 
interspaces  there  probably  existed,  such  as  would  be  produced 
by  the  crushing  and  slight  dislocation  of  particles  of  rock  lying 
along  a  line  of  fracture ;  but  a  clear  opening,  a  crevassing,  such 
as  accompanied  the  origination  of  the  dike,  seems  hardly 
needed. 

Occasionally,  it  is  true,  we  do  find  veins  full  of  minerals  for- 
eign to  the  encasing  rock  and  so  symmetrically  arranged  in 
bands  having  a  comb  structure  as  to  suggest  to  many  investi- 
gators that  they  were  formed  by  successive  crystalline  growth 
from  the  walls  of  a  vacant  fissure.  Such,  no  doubt,  would  be 
the  interpretation  given  to  the  section  of  vein  illustrated  in  Fig. 
25.  The  reversed  repetition  of  the  quartz,  rhodochrosite  and 
sulphides  is  evident  enough ;  but  the  most  striking  feature  to 
me  is  the  equal  width  of  each  of  the  two  bands  of  the  same 
mineral.  Each  vein  of  mineral  would  seem  to  have  been  frac- 
tured exactly  in  the  middle  previous  to  the  deposition  of  the 
next  succeeding  one. 

This  specimen,  and  numerous  similar  structures  in  the  same 
mine,  indicate  that  the  rhodochrosite  was  the  first  laid  down, 
replacing,  in  part  at  least,  the  crushed  rock  which  encased  an 
original  line  of  fault-fissuring.  Subsequently  another  fracturing 
occurred,  and  this  time  the  line  of  least  resistance  was  the  rho- 
dochrosite itself,  which,  being  homogeneous,  broke  down  its 
center.  The  shattered  carbonate  offered  an  easy  prey  to  the 
sulphide-bearing  waters  which  laid  down  the  blende  and  galena. 
The  presence  of  bits  of  rhodochrosite  within  the  sulphide  band 
indicates  that  the  substitution  was  irregular.  Later,  new  dis- 
turbing forces  were  at  play  and  the  vein  was  fractured  not  only 
along  its  middle,  as  heretofore,  but  also  along  the  lines  of  its 
contact  with  the  encasing  rock.  These  fractures  were  healed 
by  the  deposition  of  quartz,  accompanied  first  by  iron  and  cop- 
per pyrite,  and  then  by  rich  silver-bearing  minerals,  such  as  the 
stephanite.  The  corrosion  of  the  sandstone  on  the  hanging  had 
on  that  side  irregularly  widened  the  vein  so  as  to  give  it  greater 
strength ;  therefore  the  next  movement,  the  last,  took  place 
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along  the  foot-Avall.  This  apparently  resulted  in  nothing  save 
the  crushing  of  some  of  the  encasing  rock  and  the  formation  of 
a  selvage  whose  removal  produced  the  cavity  which  was  so 
striking  a  feature  of  the  stope. 

Another  typical  illustration  of  this  structure  is  presented  hy 
the  Amethyst-Last  Chance  vein  (at  Creede,  Colo.)  which  is  cer- 
tainly a  magnificent  example  of  an  ore-hreak.*  The  country- 
rock,  trachyte,  has  undergone  multiple  fracturing  and  ore  has 

Fig.  33.   .. 
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been  deposited  along  the  division-planes  so  that  there  are  walls 
ad  libitum.  The  regular  ribbon-structure  produced  by  the  de- 
position of  agatized  quartz  in  a  sheeted  rock  is  very  beautifully 
marked,  and  the  same  process  of  silicification  is  further  evi- 
denced in  those  places  where  the  lode  consists  of  breccia  com- 
posed of  pieces  of  country  covered  by  concentric  layers  of  agate. 
The  lode  itself  is  much  wider  than  the  pay-streak  of  silver-ore, 
-diich  usually  follows  the  foot-wall.  On  the  hanging  the  boun- 
dary between  vein  and  country  is  fairly  discernible ;  on  the 
foot  less  so,  because  for  several  feet  beyond  the  ore  there  is  a 
red  jasperoid  which  gradates  into  country. 

*  At  Red  Mountain,  in  Ouray  county,  Colo.,  it  has  been  the  practice  to  speak 
of  the  veins  (the  Gnston,  Yankee  Girl,  and  other  celebrated  lodesi  as  "ore- 
breaks,"  a  break  in  the  rock  accompanied  by  ore — a  term,  it  seems  to  me,  much 
preferable  to  "fissure  vein." 
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In  the  Enterprise  example,  Figs.  25  and  26,  each  succeeding 
fracture  occurred  in  the  mineral  deposit  which  had  healed  the 
previous  fracture.  In  other  instances  the  mineral  deposit  ap- 
pears to  have  proved  harder  than  the  encasing  rock  and  the 
second  fracturing  took  place  near  the  original  one,  but  in  the 
soft  rock  rather  than  in  the  hard  vein,  thereby  producing  a 
new  break  parallel  to  the  first  one,  and  close  to  it,  causing  a 
repetition  of  vein-walls  such  as  have  already  been  described  in 
connection  with  the  sections  given  in  Figs.  1,  9,  10,  15  and  21. 
Or  there  may  be  the  production  of  companion-fissures  forming 
contemporaneous  veins,  such  as  are  shown  in  Figs.  13  and  19. 
Finally,  the  companion-fissures  may  be  so  multiplied  as  to  cause 
a  sheeting  of  the  country  and  the  formation  either  of  one  vein 
and  several,  subordinate,  smaller  and  parallel  to  it,  as  in  No.  15, 
or  of  a  series  of  ore-streaks  united  by  mineralized  country  so 
as  to  form  one  large  lode,  as  seen  in  Figs.  5,  14,  17  and  31. 

The  evidence  of  a  multiplicity  of  fracturing,  whether  succes- 
sive or  contemporaneous,  is  the  clue,  I  venture  to  believe,  to 
many  of  the  anomalies  of  vein-structure.  No  district  within 
my  knowledge  so  well  illustrates  this  aspect  of  the  inquiry  as 
Colorado's  new  El  Dorado,  Cripple  Creek,  in  El  Paso  county, 
where  gold-veins  occur  as  mineralized  and  enriched  portions  of 
dikes,  phonolite  and  basalt,  traversing  masses  of  andesite  tufi:' 
and  breccia.  Other  types  are  observable,  but  these  are  to-day 
the  most  characteristic.  The  mineralized  rock  forming  the 
vein  and  that  less  distinctly  gold-bearing  country  which  encloses 
it,  have  been  subjected  to  such  multiple  fissuring  as  to  produce 
a  very  marked  division  of  the  rock  into  parallel  bands  or  sheets 
which  may  be  a  fraction  of  an  inch  apart  or  several  yards. 
This  structure  can  be  seen  no  less  in  hand-specimens  than  in 
blocks  an  acre  big.  The  Moose  vein,  on  Raven  hill,  is  a  fair 
example.  It  is  illustrated  in  Fig.  31,  as  seen  October  27, 1895, 
in  the  back  of  the  sixth  (or  350-foot)  level.  A  is  andesite  tutf 
and  breccia,  B  C  D  is  a  dike  of  dark,  blue-gray  nepheline  basalt, 
subdivided  into  two  barren  parts,  B  and  C,  and  one  ore-bearing 
portion,  D.  Native  gold  and  telluride  compounds  (sylvanite  and 
calaverite)  occur  along  the  seams  in  the  basalt  where  it  is  de- 
composed and  iron-stained.  The  pay-streak  extends  from  E  to 
F,  about  10  inches. 

This  sheeting  or  multiple  fissuring  was  probably  the  result  of 
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shrinkago  accompanying  the  cooling  of  tlie  volcanic  rock.  The 
fractures  have  a  contemporaneity  of  origin  (piite  distinct  from 
the  successive  ruptures  discussed  in  connection  with  the  rihbon- 
structure  of  the  Enterprise  section.  The  latter  were  marked 
'  by  the  precipitation  of  diverse  minerals,  wliile  those  of  a  Cripple 
Creek  vein  are  characterized  by  a  similarity  of  mineral  de- 
position. 

Cases  also  occur  where  there  can  be  discerned  a  combination 
of  both  these  types  of  multiple  tissuring. 

A  line  of  weakness,  or  even  a  region  of  weakness,  once  de- 
veloped in  the  earth's  crust  is  apt  to  continue  to  be  a  line  of 
least  resistance  available  for  future  fracturing.  Even  when  a 
Cjuartz-vein  is  formed  along  a  line  of  rupture,  healing  the  break 
and  strengthening  it  with  a  substance  harder  than  the  rock- 
walls  themselves,  we  may  suppose  that  the  next  break  will  take 
place  along  the  line  of  weakness  i^resented  by  the  imperfect  co- 
hesion existing  along  the  plane  of  contact  between  the  hard 
quartz  and  the  less  resisting  rock. 

The  gradual  penetration  of  mineral  solutions  into  the  imme- 
diately encasing  country  may  finally  obliberate  the  divisions 
due  to  multiple  Assuring.  The  sheets  of  rock  separating  one 
from  the  other  would  be  replaced  by  ore,  and  nothing  might  re- 
main of  the  original  structure  save  faint  partings  in  the  lode, 
such  as  are  less  evident  to  the  eye  than  to  the  hand  of  the 
miner  who  instinctively  uses  them  to  assist  him  in  breaking  ore. 

Thus,  I  believe,  the  collection  of  observations  in  various 
mining  districts  tends  to  the  modification  of  that  idea  of  clean- 
cut  definition  which  accompanied  the  early  ideas  of  vein-struc- 
ture. The  evident  contact  between  two  dissimilar  rocks,  such 
as  is  seen  along  the  walls  of  a  dike,  will  be  often  found  in  veins 
to  be  replaced  by  an  indistinct  gradation  from  mineralized  to 
unmineralized  rock,  originally  the  same  but  now  rendered  un- 
like by  the  selecting  action  of  chemical  solutions. 

We  are  justified,  however,  in  putting  some  limit  to  the  depth 
of  possible  ore-formation,  since  that  formation  is  dependent  on 
the  presence  of  water.  The  record  of  the  largest  number  of 
careful  observations  has  shown  that  as  we  sink  into  the  earth 
the  increment  of  temperature  is  1°  F.  per  each  48  feet  of  de- 
scent. At  this  rate  the  critical  point  of  water  would  be  reached 
at  34,704  feet  or  6|  miles  from  the  surface.     Where  the  tem- 
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perature  is  that  of  tlie  critical  point  (773°  F.)  water  cannot  ex- 
ist as  a  liquid  no  matter  how  great  the  pressure,  but  l)ecome8 
dissociated  into  its  gaseous  elements.  Moreover  we  are  war- 
ranted in  believing  that  the  thermometrieal  gradient  becomes 
more  rapid  at  depths  beyond  those  reached  by  human  observa-' 
tion  because  of  a  decreased  conductivity  in  the  rocks,  or  as  Pro- 
fessor Prestwich,  the  best  authority  on  these  matters,  puts  it  :* 

"Taking  into  consideration  the  probable  limitation  of  the  percolation  of  water, 
and  the  possible  diminution  of  conductivity  with  increase  of  depth,  if  there  should 
1)6  any  alteration  in  the  thermometric  gradient,  at  great  depth,  it  will  be  more 
likely  to  be  in  tlie  direction  influenced  by  these  more  or  less  certain  factors." 

Therefore,  taking  these  conditions  into  consideration,  we  may 
expect  the  circulation  of  water  to  cease  at  20,000  feet  or  there- 
about. But  at  the  maximum  depth  the  maxima  of  temperature 
and  pressure  must  obtain.  It  must  necessarily  be  a  horizon  of 
solution.  Precipitation  would  hardly  begin  until  a  lowering  of 
the  temperature  and  a  lessening  of  pressure  permitted  it.  The 
deposition  of  ore  is  the  direct  result  of  precipitation,  therefore 
actual  ore-formation  is  likely  to  be  limited  to  a  depth  often  of 
15,000  feet. 

It  is  not  difficult  to  surmise  why  clean-cut  fractures  are  not 
necessarily  most  favorable  to  ore  occurrence.  In  the  Drum- 
lummon  mine,  Montana,  the  distribution  of  the  ore  appears  to 
be  connected  with  the  change  in  the  angle  of  intersection  be- 
tween the  course  of  the  veins  and  the  strike  of  the  slate  country. 
Most  of  the  ore-bodies  have  been  found  where  the  course  of  the 
veins  (X.  15°  E.)  cuts  the  slates  at  an  oV)lique  angle  and  the 
levels  run  out  of  ore  when  their  direction  is  either  at  right  an- 
gles to,  or  conforms  with,  the  strike  of  the  country  (X.  17°  W.). 

Fig.  32  is  a  sketch  made  in  one  of  the  surface-workings  of  that 
mine  which  illustrates  in  miniature  the  fact  above  noted.  It  rep- 
resents a  small  quartz-seam  2  inches  wide,  traversing  the  slates, 
whose  structure  is  very  clearly  marked  by  the  color  bands  fol- 
lowing lines  of  original  sedimentation.  Xear  the  left  of  the 
sketch  the  quartz  follows  a  joint  and  becomes  narrowed,  while 
where  it  crosses  (along  a  line  of  slight  dislocation)  the  country 
it  has  irregularities  and  bulges  which  answer  to  the  alternating 
slate-bands.     A  rough,  ragged  fracture,  when  continuous,  may 

*  OrrUroverted  Questicm*  of  Geology,  by  Josepli  I*restwich,  D.C.L.,  F.R.S.,  etc., 
Macmillan,  189 ),  p.  247. 
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be  expected  to  offer  more  surface  to  solvent  action  and  more, 
but  not  too  many,  obstacles  to  a  rapid  circulation  of  under- 
ground waters.  Its  structure  also  means  more  opposition  to 
the  closing  in  of  the  walls,  because  the  irregular  faces  of  the 
fracture,  when  they  come  together,  leave  openings  which,  if  not 
along  one  section  then  along  another,  have  intercommunica- 
tion, and  so  permit  of  a  passage  which  would  be  badly  im- 
peded, if  not  absolutely  stopped,  by  the  closing  in  of  smooth 
walls. 

Fig.  33  represents,  to  actual  scale,  a  piece  of  slate  enclosing  a 
quartz-vein,  which  came  from  near  the  end  of  the  700-foot  level, 
also  in  the  Drumlummon  mine.  It  so  happens  that  this  is  a 
true  illustration  in  miniature  of  what  the  lode  itself  is  doing  at 
this  point.  The  New  Castletown  lode,  on  which  the  level  is 
driven,  is  at  this  point  cutting  at  right-angles  across  the  bedding 
of  the  slates  and  is  barren  of  ore.  In  the  hand  specimen,  re- 
produced in  the  drawing,  a  quartz-vein,  not  quite  half  an  inch 
wide,  cuts  perpendicularly  across  the  slate  whose  bedding  is 
rendered  beautifully  marked  by  dark  bands.  The  vein  has  a 
uniform  width,  it  has  regular  well-defined  walls  guiltless  of  the 
projections  and  bulges  noticed  in  the  previous  illustration.  It 
may  be  only  a  convenient  coincidence,  but  it  is  a  fact  that  the 
quartz  in  Fig.  25  was  opalescent  and  destitute  of  other  miner- 
als while  that  in  Fig.  24  was  true  ferruginous  vein-quartz. 

Thus  underground  work  bears  daily  testimony  to  the  close 
dependence  of  ore-occurrence  upon  the  geological  structure  of 
the  enclosing  country,  a  relation,  the  importance  of  which  Mr. 
S.  F.  Emmons  has  done  invaluable  service  by  clearly  stating  in 
more  than  one  of  his  contributions  to  the  Transactions.  Want' 
ing  a  proper  understanding  of  the  structure  of  the  rock  encas- 
ing his  vein,  the  miner  gropes  but  blindly  in  a  maze  of  tangled 
phenomena  until  the  geologist,  by  their  proper  elucidation, 
gives  him  a  light  which  dissipates  much  of  the  darkness  ob- 
scuring his  progress  underground. 
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The  Sulphuric  Acid  Process  of  Treating  Lixiviation 
Sulphides. 

BY  FREDERIC  P.    DEWEY,    WASHINGTON,    D.    C. 

(Colorado  Meeting,  Septfember,  1896.) 

The  improvement  in  leaching  introduced  by  the  Russell  pro- 
cess has  stimulated  the  development  of  processes  for  refining 
lixiviation-sulphides. 

In  the  early  days  several  processes  for  dealing  wdth  the  sul- 
phides were  proposed,  and  some  of  them  were  tried  more  or 
less  ;  but  the  business  finally  settled  down  to  sending  the  sul- 
phides to  the  smelters,  although  this  was  known  to  be  both 
troublesome  and  expensive.  In  1891  Mr.  C.  A.  Stetefeldt*  in- 
troduced at  the  Marsac  mill,  Park  City,  Utah,  an  unpatented 
process,  built  up  out  of  the  general  fund  of  information  available. 
It  consisted  in  matting  the  sulphides,  grinding,  roasting,  grind- 
ing again,  and  dissolving  the  copper  out  in  diluted  sulphuric 
acid,  then  melting  the  silver  and  crystallizing  the  bluestone. 
It  did  not  yield  fine  bullion,  hence  the  bullion  had  to  be  refined 
as  well  as  parted  ;  besides,  there  was  some  loss.  This  process 
was  thoroughly  tried  at  the  Marsac  refinery  and  then  a  year's 
run  was  made,  the  net  result  of  which  was  that  it  did  not  prove 
sufiiciently  better  than  the  sending  of  the  sulphides  to  the 
smelters  to  warrant  its  substitution  for  that  practice. 

In  1893  the  Dewey- Walter  Refining  Company  undertook  the 
refining  of  the  Daly  sulphides  in  the  Marsac  refinery  by  the  sul- 
phuric acid  process,  upon  which  two  United  States  patentsf  have 
been  issued  to  the  writer.  Naturally,  difficulties  were  encoun- 
tered in  starting  a  new  process,  and  most  of  1893  was  taken  up 
in  getting  it  into  smooth  working  order ;  but  in  1894  a  run 
was  started,  in  which  all  the  regular  sulphides  produced  by  the 


*  Trans.,  xx.,  37;   xxi.,  286;    xxiv.,  221  ;    "Lixiviation  of  Silver-Ores  with 
Hyposulphite  Solutions,"  C.  A.  Stetefeldt,  2d  ed.,  1895,  p.  158. 
"t  Nos.  490,008  and  561,571. 


PROCESS    OF    TREATING    LIXIVIATION    SULPHIDES.  243 

Marsac  mill  in  that  year  were  refined,  and  thns  complete  statis- 
tics of  operation  by  this  method  were  obtained. 

Broadly  speaking,  the  process  consists  of  six  main  operations : 

1.  Boiling  the  snlphides  with  strong  sulphuric  acid  in  an  iron 
pot; 

2.  Dissolving  out  the  sulphate  of  copper  and  silver  in  a  lead- 
lined  tank,  leaving  a  residue  containing  the  gold  and  lead  of 
the  sulphides,  and  also  rich  in  silver; 

3.  Precipitating  the  silver  out  of  the  filtered  solution  by  cop- 
per plates ; 

4.  Sweetening,*  drying,  pressing,  and  melting  the  cement- 
silver  ; 

5.  Treatment  of  the  solutions  after  the  removal  of  the  silver 
to  crystallize  the  sulphate  of  copper,  and  recover  the  excess  of 
acid  for  re-use; 

6.  Treatment  of  the  gold-bearing  residues. 

The  1894  run  of  the  Marsac  leacher  produced  116,519.5 
pounds  of  regular  sulphides  which  were  treated  by  this  process. 
For  convenience  they  were  divided  into  25  lots,  mostly  from 
4500  to  5500  pounds  in  weight.  As  reported  by  the  assayer 
of  the  Daly  Mining  Company,  these  lots  varied  in  composition 
as  follows  : 

Composition  of  Daly  Sulphides  for  1894. 

Ag.  Au.  Cu.  Pb. 

Oz.  per  ton.  Oz.  per  ton.  Per  cent.  Per  cent. 
Maximum,         .         .     11,127               14.8                32.9  0.2 

Minimum,  .         .       7,835  7.6  20.3  0.6 

Average,    .         .        .       9,827.4  11.225  27.17  0.33 

The  totals  were  : 

Ounces. 

Silver, 572,544.4 

Gold, 646.1 

Poiu'ids. 

Copper, 31,58o.3 

Lead, 385.6 

These  determinations  of  lead  are  too  low,  the  actual  average 
for  the  year  being  about  2.5  per  cent. 

I  have  found  the  iiercentage  of  free  sulphur  in  the  Daly  sul- 
phides to  vary  considerably.     It  is  generally  rather  low,  and 

*  "Sweetening"    is  washing.     "Sweetened"    silver  is  simply  well-washed 

silver. 
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sometimes  very  low.  Lots  8,  9,  10,  11  and  12  showed  3.3,  3, 
2.72,  0.48  and  1.24  per  cent,  of  free  sulphur  respectively.  The 
total  sulphur  was  found  on  one  occasion  to  be  20.74  per  cent. 

Aside  from  the  soluble  salts  remaining  in  the  sulphides 
through  imperfect  washing  in  the  filter-press,  the  drying  causes 
oxidation,  and  soluble  sulphates  are  produced.  As  received  by 
the  refinery,  the  sulphides  contain  several  per  cent,  of  soluble 
salts  and  small  amounts  of  iron,  lime,  antimony,  arsenic  and 
other  impurities. 

Plant. 

The  plant  required  is  simple  and  well  known,  and  easily 
managed  without  specially  skilled  labor.  It  consists  of  two 
ordinary  cast-iron  pots,  such  as  are  used  in  parting  bullion ;  a 
series  of  21  lead-lined  tanks  for  dissolving,  filtering  the  solu- 
tions, precipitating  the  silver  and  filtering  oft"  and  sweetening 
the  cement-silver,  together  with  crystallizers  to  recover  the 
blue-stone  and  evaporators  to  concentrate  the  mother-liquors 
for  re-use  in  the  pot ;  a  dryer  and  press  for  the  cement-silver ; 
a  furnace  for  melting  the  bullion ;  4  storage-tanks  for  acids, 
pumps  for  handling  the  liquids,  and  a  pulverizer. 

Boiling-Pots. — These  are  ordinary  cast-iron  pots.  The  large 
one  for  boiling  sulphides  is  47.5  inches  in  diameter  and  3  feet 
deep  inside,  with  a  rim  3.5  inches  wide,  slanting  slightly  to  the 
inside.  It  is  1  inch  thick  on  the  bottom  and  |-inch  on  the 
sides.  Each  pot  weighs  about  1500  pounds.  It  rests  on  a  cast- 
iron  plate  5  feet  7|  inches  by  5  feet  6J  inches  by  ^-inch,  with 
a  2-inch  rim  to  fit  over  the  brick  setting.  At  first  we  obtained 
our  pots  as  special  castings  from  a  ^ew  Jersey  foundry,  paying 
a  corresponding  price  for  them  ;  but  afterwards  we  obtained 
them  at  a  smaller  price  from  the  foundry  of  Davis,  Howe  &  Co., 
at  Salt  Lake  City,  who,  moreover,  take  the  old  pots  from  us  as 
scrap-iron  at  a  good  price.  Their  pots  have  done  even  better 
service  than  the  New  Jersey  ones.  During  1894  the  pots  lasted 
from  five  to  six  weeks,  but  during  1895  we  have  had  better  re- 
sults. From  March  1,  1895,  to  March  18,  1896,  7  pots  were 
used,  with  an  average  life  of  seven  weeks  and  five  days,  and 
treating  an  average  product  of  23,737  pounds  each.  The  acid 
does  not  dissolve  much  iron  during  the  boiling,  but  a  net-work 
of  cracks  develops  until  the  acid  leaks  through.     "With  proper 
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care  there  is  little  danger  of  loss  of  silver  on  account  of  the 
pastiness  of  the  charge.  About  a  day  is  usually  lost  in  changing 
pots.  Some  of  the  pots  were  made  2  inches  thick  on  the  hot 
torn ;  but  they  were  no  better  than  the  1-inch  pots.  The  aver- 
age loss  in  weight  per  pot  was  67  lbs.,  as  shown  by  the  differ- 
ence in  weight  of  7  of  the  94  pots  when  new  and  when  sold  as 
scrap-iron. 

The  pot  is  set  in  brickwork  over  an  ordinary  grate,  in  which 
the  local  coal  from  Coalville,  Utah,  is  burnt. 

The  top  of  the  pot  stands  14  feet  from  the  ground-floor,  so 
as  to  allow  all  the  solutions  to  travel  downwards  from  tank  to 
tank  by  gravity.  Over  the  top  of  the  pot  a  spherical  cast-iron 
hood,  49  inches  in  diameter  and  |^-inch  thick,  is  placed,  having 
a  working  door  1 8  inches  by  9  inches  on  the  side.  At  the  top 
is  an  opening  with  a  water-joint  cast  in,  into  which  tits  a  10- 
inch  lead  pipe,  6  feet  long.  This  leads  to  a  lead-lined  stack 
going  through  the  roof.  This  arrangement  is  to  remove  the 
fumes  given  oft*  during  the  boiling.  The  draft  can  be  increased 
by  a  steam-jet  in  the  stack,  as  may  be  occasionally  necessary. 

The  small  pot  for  re-treating  the  residue  is  2  feet  8  inches  in 
diameter  and  2  feet  deep,  resting  on  a  plate  4  feet  3  inches 
square.  This  pot  has  a  conical  hood,  made  of  sheet-lead  over 
a  frame-work  of  iron  covered  with  lead.  The  large  pot  origi- 
nally had  a  lead  hood,  but  this  was  replaced  by  the  cast-iron 
one,  which  has  given  better  satisfaction.  The  foundation  for 
the  large  pot  is  built  up  solid  from  the  floor,  but  for  the  small 
pot  12-inch  walls  are  run  up  to  the  fire-box  level,  leaving  a 
chute  for  the  discharge  of  the  ashes. 

The  tools  required  at  the  pot  are  a  hoe  for  stirring,  a  dis- 
charging-ladle,  coal-scoop,  short-handled  shovel,  broom,  lead- 
bucket  and  a  trough  to  carry  the  boiled  charge  to  the  dissolv- 
ing-tank. This  latter  is  a  light  V-shaped  trough  of  sheet-iron, 
which  is  placed  in  fi'ont  of  the  pot  when  ready  to  discharge,  and 
leads  to  the  dissolving-tank. 

The  Dissolving-  Tank. — This  is  4  by  8  by  2  feet,  made  of  2-inch 
rough  boards  dowelled,  with  the  ends  let  into  the  sides  |-inch 
and  bolted  at  the  ends  through  buck-staves.  All  the  tanks 
are  made  in  the  same  way  and  thoroughly  painted  with  asphalt. 
The  first  dissolving-tank  was  lined  with  8-pound  lead ;  but  this 
was  not  heavy  enough,  and  12-pound  lead  is  now  used. 
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The  contents  of  this  tank  must  be  heated  by  the  introduction 
of  steam.  If  this  is  done  directly  from  a  pipe  attached  to  the 
lining,  the  vibrations  set  up  will  soon  open  a  joint  in  the  lead 
lining  and  cause  a  leak.  To  avoid  this,  a  very  simple  arrange- 
ment was  formerly  used.  It  was  a  lead  cone  15  inches  long, 
fastened  to  the  steam-pipe.  It  was  perforated  with  y^g-inch  holes 
on  the  top  and  sides,  and  stood  on  feet  about  2  inches  from  the 
bottom  of  the  tank.  The  steam-pressure  was  gradually  reduced 
by  the  cone  and  the  solution  heated  up  gradually  and  quietly. 
This  arrangement  worked  well,  but  the  cone  soon  wore  out.  At 
present  a  plain  lead  pipe,  turned  up  at  the  end  and  entirely  free 
from  the  lining,  is  used  with  satisfaction. 

This  tank  is  provided  with  two  discharge-hose,  one  for  each 
filter-tank,  arranged  to  draw  oft'  the  solution  as  free  as  possible 
from  fine  residue.  Pieces  of  lead  pipe  10  inches  long,  project- 
ing through  the  end  of  the  tank,  are  burned  to  the  lead  lining 
at  the  bottom  of  the  tank.  A  piece  of  rubber  hose  about  2 
feet  long  is  slipped  over  the  inside  end  of  the  pipe.  "When 
drawing  ofl'the  solution,  the  open  end  of  the  hose  is  adjusted, 
by  a  lead  string,  just  below  the  surface  of  the  liquid,  so  as  to 
draw  off  only  the  clearest  portion.  This  arrangement  is  a  great 
saving  for  the  filters,  which  at  best  are  soon  enough  choked 
up  by  the  fine  residue.  This  tank  has  a  A -shaped  lead-lined, 
counterpoised  cover,  with  a  triangular  opening  in  the  side  for 
the  introduction  of  the  trough  used  to  convey  the  charge  from 
the  boiling-pot  to  the  tank. 

Filters. — The  two  filters  are  each  3  feet  by  6  feet  by 
2  feet,  lined  with  8-pound  lead.  Considerable  difiieulty  was 
experienced  at  first  in  constructing  a  suitable  filter.  The  diffi- 
culty was  to  get  a  filter  that  would  retain  all  the  residue,  giving 
a  clear  filtrate,  and  at  the  same  time  give  a  good  rate  of  filtra- 
tion. If  the  residue  passed  through,  it  reduced  the  fineness  of 
the  bullion  and  at  the  same  time  very  small  amounts  of  gold 
appeared  in  the  fine  silver  and  were  practically  lost.  A  satis- 
factory sand-filter  which,  by  washing  from  l>elow,  could  be 
easily  freed  from  fine  residue  after  becoming  clogged,  was 
finally  constructed  as  follows :  Sheet-lead  was  first  bent  so  as  to 
make  slats  2  inches  high  by  1.5  inches  wide.  The  bottom  was 
open  and  the  sides  were  notched  at  the  bottom  to  allow  free 
passage  for  the  liquids.     The  slats  are  put  about  2  inches  apart 
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on  the  bottom  of  the  tank,  and  are  2  inches  shorter  than  the 
^\•idth  of  the  tank,  leaving  an  inch  at  each  end  of  the  shits.  On 
the  slats  is  placed  a  plate  of  8-ponnd  lead  perforated  with  y\- 
incli  holes  |-incli  from  center  to  center,  and  then  a  thickness  of 
cocoa  matting.  To  make  a  tight  joint  between  the  slats  and  the 
side  of  the  tank,  a  6-inch  strip  of  asbestos  cloth  is  laid  around 
and  driven  tightly  against  the  sides  by  a  tightly-fitting  strip  of 
hard  wood.  The  asbestos  laps  over  the  cocoa  matting  about  2 
inches.  Xext  comes  a  second  layer  of  cocoa  matting  and  finally 
a  second  lead  plate  over  all.  On  this  foundation  from  3  to  4 
inches  of  clean  quartz  sand  is  spread  and  well-hammered  down. 
A  discharge-pipe  runs  out  of  the  bottom  of  the  filter  at  one 
end. 

The  hose  from  the  dissolving-tank  discharges  into  a  perfor- 
ated lead  box  on  top  of  the  sand,  to  prevent  the  stream  from  dis- 
turbing the  sand.  A  steam-pipe  for  keeping  the  solution  hot 
also  discharges  into  this  box.  When  new,  this  filter  gives  a 
large  stream  of  clear  filtrate.  It  must  be  carefully  watched  at 
all  times.  Its  success  may  be  shown  by  the  fact,  that  notwith- 
standing the  very  fine  nature  of  the  residue  and  its  liability  to 
run  through,  401  bars  of  bullion  showed  999.5  and  45  bars  999, 
with  an  average  of  999.4  fineness  for  the  whole  year. 

The  fine  residue  gradually  chokes  up  the  filter  and  in  about 

2  weeks  the  rate  becomes  so  slow  that  it  must  be  washed.  This 
is  done  by  running  in  water  from  the  bottom  and  thoroughly 
stirring  up  the  sand.  The  muddy  water  holding  the  residue  in 
suspension  is  then  pumped  out  into  a  small  filter.  This  is  re- 
peated once  or  twice  and  the  filter  is  smoothed  oft'  and  ham- 
mered down,  when  it  is  ready  for  use  again  and  will  give  a  good 
rate  of  filtration. 

Precipitating- 7 auks. — The  small  precipitating-tank  is  8  by  5  by 

3  feet,  lined  with  8-pound  lead.  It  is  used  for  the  first  charge 
from  the  dissolving-tank,  which  contains  more  copper  and  is 
known  as  "  copper-solution."  The  large  precipitating-tank  is 
9  by  7  by  3  feet,  lined  with  8-pound  lead  and  with  an  extra 
sheet  of  lead  laid  on  the  bottom.  It  was  made  large  and  of 
these  dimensions  to  fit  a  space  in  the  old  refinery.  It  is  used 
for  the  silver-solution.  Each  precipitating-tank  is  provided  with 
an  old  syphon-pump  for  stirring  the  solution.  A  lead  pipe 
reaches  from  the  pump  to  the  bottom  of  the  tank,  and  when 


248  PROCESS    OF    TREATING    LIXIVIATION    SULPHIDES. 

steam  is  turned  on,  it  is  allowed  to  suck  in  air,  which  mixes 
with  the  steam  and  stirs  the  solution. 

Silver  Filters. — These  tanks  are  6  by  3  by  2  feet  lined  with 
lead  and  iitted  with  heavy  asbestos  cloth  filters  between  lead 
plates,  the  whole  resting  on  lead  slats.  One  has  an  |-inch  iron 
cover  in  three  sections  and  is  used  to  sweeten  the  silver  in,  and 
the  other  is  a  general  filter-tank  through  which  solutions  pass, 
after  precipitation,  to  catch  any  fine  silver  in  suspension.  Each 
filter  has  a  sump  consisting  of  a  tank  of  the  same  size  lined 
with  8-pound  lead. 

The  sheet-iron  cover  is  convenient  and  gives  good  satisfac- 
tion, but  it  has  been  the  occasion  of  an  annoying  incident.  The 
bullion  fell  ofi'from  999.5  to  999  ;  and  after  a  thorough  investi- 
gation it  was  found  that  some  unusually  large  charges  of  cement 
silver  had  been  put  into  the  filter,  and  probably  the  sag  of  the 
cover  in  the  middle  had  touched  the  silver  or  the  wash-water 
and  reduced  a  little  copper  from  the  wash-water.  At  any  rate 
the  fineness  rose  again  after  stopping  the  practice  of  washing 
such  large  charges. 

Evaporators. — These  are  8  by  4  by  2  feet  lined  with  8-pound 
lead.  They  have  gridiron  coils  of  |-inch  lead  steam-pipes  con- 
nected together.  Just  enough  steam  is  used  to  blow  out  the 
condensed  water.  They  are  housed  in,  the  housing  being  pro- 
vided with  working-doors  and  a  stack.  They  will  evaporate 
away  75  per  cent,  of  a  20°  B.  solution  in  24  hours.  A  hose  and 
launder  deliver  the  concentrated  solution  to  the  crystallizers. 

Orystallizers. — These  7  tanks  are  3  by  6  by  2  feet,  lined  with 
6-pound  lead  and  provided  with  false  bottoms.  Each  one  has 
a  draining-board  and  12  2-  by  2-inch  wooden  strips  across  the 
top,  from  each  of  which  hang  6  lead  strips  3  inches  wide.  The 
finest  crystals  separate  on  the  strips.  The  blue-stone  crystals  on 
the  bottom  are  chopped  out  Avith  iron  bars,  the  false  bottoms 
being  employed  to  save  the  bottom  when  this  chopping-out  is 
done. 

Besidue- Filters  — Two  small  tanks  are  used  for  these ;  one  for 
the  residue  from  the  dissolving-tank,  and  one  for  the  muddy 
water  from  washing  the  large  filters.  They  have  no  asbestos  and 
only  1  inch  of  sand,  but  they  have  a  very  slow  rate  of  filtering. 
A  layer  of  residue  on  the  bottom  soon  chokes  them  up  so  that 
it  is  almost  impossible  to  get  anything  through ;   and  most  of 
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the  solution  is  usually  syphoned  ofi'  from  the  top  after  the  resi- 
due has  settled.  Both  filters  discharge  into  the  dissolving 
tank. 

Acid-Storage. — The  large  storage-tank  for  QQ°  B.  acid  is  8  feet 
in  diameter  and  8  feet  high,  lined  with  10-pound  lead.  It  holds 
about  46,000  pounds  of  66°  sulphuric  acid.  The  small  tank  is 
the  old  Roessler  converter  4  feet  in  diameter  and  6  feet  high, 
and  holds  about  8000  pounds.  Both  these  tanks  have  2  stone- 
ware cocks,  one  for  every-day  use,  and  the  other  a  safety  on  the 
end  of  a  length  of  lead  pipe,  ordinarily  hung  up  at  the  top  of 
the  tank. 

A  section  of  15-inch  wrought-iron  pump-column,  holding 
about  1500  pounds  of  acid,  is  used  as  a  montejus,  to  elevate  the 
acid  by  air-pressure,  and  two  sections  are  used  to  store  a  supply 
of  acid  above  the  level  of  the  pots  for  feeding  them. 

The  evaporated  acid  is  stored  in  a  tank  5  feet  6  inches  Dy  3 
feet  by  2  feet  below,  and  in  two  round  tanks,  3  feet  6  inches  in 
diameter  and  5  feet  high,  above,  convenient  to  the  boiling-pot. 

Silver-Dryer. — After  sweetening,  the  cement-silver  is  removed 
from  the  filter  and  put  into  sheet-iron  drying-pans  2  feet  6  inches 
by  1  foot  2  inches  by  3  J  inches,  made  of  No.  10  iron.  The  bot- 
tom and  sides  are  in  one  piece  and  the  ends  are  riveted  in.  The 
dryer  consists  of  a  frame-work  of  angle-irons  enclosed  in  brick- 
work. It  holds  6  tiers  of  pans,  4  in  each  tier,  or  24  pans  in  all. 
Under  each  one  of  the  bottom  3  tiers  of  pans  are  arranged  5 
4-inch  steam-pipes  joined  together  at  the  ends  by  cast-iron  heads. 
"When  the  dryer  is  full  the  pans  are  arranged  so  that  the  hot  air 
zigzags  below  and  above  each  row  of  pans  from  bottom  to  top, 
and  then  passes  out  through  a  small  stack. 

Hydraulic  Press. — This  is  of  Watson  and  Stillman's  make.  It 
is  set  at  1000  pounds  and  pure  glycerine  is  used  for  the  fluid. 
The  mold  is  6  inches  in  diameter  and  4  inches  high.  The 
pressed  cakes  are  about  1^  inches  thick  and  weigh  60  to  70 
ounces. 

Melting-Farnace. — This  is  of  the  ordinary  type  for  2  N'o.  50 
black-lead  crucibles  and  provided  with  3  dust-chambers. 

Pulverizer. — A  small  Briickner  ball-mill,  800  mm.  in  diame- 
ter and  500  mm.  in  width,  with  40-mesh  screens,  is  used  for  pul- 
verizing the  slag,  etc. 

Pumj)S. — Two  No.  2  Korting  hard-lead  syphon-pumps  with 
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platinum  nozzles  are  used  to  handle  the  solutions.  Pumps 
made  of  all  hard  lead  from  the  Hanover  works  have  s:iven 
better  satisfaction  than  those  enclosed  in  an  iron  shell. 

Installation. — The  plant  was  installed  in  the  building  erected 
for  the  Stetefeldt  process  of  refining,  and  as  much  as  possible 
of  the  old  plant  was  utilized  in  the  installation.  ^Necessarily, 
therefore,  the  arrangements  are  not  as  convenient  and  satisfac- 
tory as  they  might  be.  The  main  building  is  52  by  42  feet  with 
an  annex  52  by  25  feet  in  size;  but  most  of  the  annex  is  taken 
up  for  space  in  handling  the  sulphides  before  they  are  turned 
over  to  the  refinery,  and  the  silver-dryer  stands  outside  the 
building.  Recently  a  new  melting-room  with  hearths  has  been 
erected. 

Process. 

The  process  consists  in  boiling  the  sulphides  in  strong  sul- 
phuric acid  to  convert  the  sulphides  into  sulphates.  The  sul- 
phate of  silver  is  soluble  in  strong  sulphuric  acid,  but  the  an- 
hydrous sulphate  of  copper  is  practically  insoluble.  Owing  to 
the  large  percentage  of  copper  in  the  sulphides  a  large  quantity 
of  insoluble  sulphate  is  produced,  and  this  is  one  of  the  most 
serious  difficulties  of  the  process.  After  boiling,  the  charge  is 
removed  to  the  dissolving-tank,  into  which  are  put  pure  water, 
wash-water  and  weak  solutions.  Here  the  copper  sulphate  goes 
into  the  solution  along  with  the  sulphate  of  silver.  The  solution 
is  filtered  into  the  precipitating-tanks,  where  the  silver  is  precipi- 
tated by  metallic  copper,  after  which,  when  strong  enough,  the 
solutions  go  to  the  crystallizers  to  recover  the  bluestone.  Peri- 
odically the  cement-silver  is  removed  to  the  filter,  sweetened, 
dried,  pressed  and  melted.  The  mother-liquors  are  concentra- 
ted and  crystallized,  and  the  recovered  acid  is  finally  sent  baok 
to  the  pot.  The  residue  in  the  dissolving-tank  is  taken  out, 
washed  somewhat  and  re-boiled,  to  recover  as  much  as  possible 
of  the  silver  that  it  contains. 

Practical  Operations. 
The  first  charge  of  the  1894  sulphides  was  put  into  the  pot 
February  20,  1894,  and  the  first  charge  of  the  1895  sulphides 
was  started  February  27,  1895,  so  that  the  run  was  a  few  days 
over  a  year.  A  part  of  this  time  was  taken  up  in  the  annual 
clean-up.     A  charge  of  975  pounds  is  put  into  the  pot  in  the 
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morning  with  about  1000  pounds  of  acid  (66°)  and  thoroughly 
mixed  and  the  charge  heated.  At  first  the  reaction  is  rather 
violent.  SO2  is  copiously  evolved  and  the  fumes  carry  consider- 
able S,  which  gives  them  a  yellowish  color.  At  this  stage  the 
steam-jet  may  be  required  to  increase  the  draft.  After  awhile 
the  reaction  settles  down  and  the  normal  charge  boils  quietly 
until  near  the  end.  As  soon  as  the  charge  gets  stiff,  more  acid, 
about  100  pounds,  is  added,  until  about  3000  pounds  have  been 
used.  Toward  the  end,  evaporated  acid  is  used.  The  strong 
acid  is  first  drawn  from  the  overhead  receivers  into  a  cast-iron 
pan,  an  old  clean-up  pan  from  the  amalgamating-mill,  holding 
about  180  pounds,  through  a  stone-ware  cock.  It  is  then  run 
into  the  pot  through  a  rubber  hose. 

As  the  boiling  goes  forward,  the  anhydrous  sulphate  of  cop- 
per is  formed  in  large  quantities,  which  separate,  forming  granu- 
lar masses.  This  necessitates  frequent  stirring  of  the  charge  ; 
and  this,  in  turn,  is  severe  on  the  pots. 

The  progress  of  the  operation  can  be  Avatched  by  taking  out 
a  small  sample  of  the  charge,  treating  with  water  and  adding 
HCl  to  the  solution;  but  this  is  not  necessary  after  getting 
familiar  with  the  process,  since  the  color  changes  from  black  to 
brown  or  gray.  About  90  per  cent,  of  the  total  acid  used  is 
added  before  the  charge  begins  to  show  soluble  silver  salts. 
Then  the  charge  foams  violently  and  must  be  constantly  stirred, 
while  the  fire  must  be  lowered.  In  about  an  hour  the  foaming 
is  over  and  the  charge  is  finished.  This  usually  occurs  in  the 
afternoon  of  the  day  after  starting. 

The  boiling  is  done  in  day-shifts  only.  The  charge  could 
now  be  removed  to  the  dissolving-tank,  but  it  is  too  thick,  from 
the  large  amount  of  separated  sulphate  of  copper,  to  be 
syphoned  out ;  so  it  would  have  to  be  dipped  out  with  a  ladle. 
As  it  is  now  very  hot  and  giving  off  SOj  freely,  this  would  be  a 
disagreeable  operation. 

On  the  second  morning,  therefore,  the  charge  is  warmed  up, 
generally  with  the  addition  of  some  acid,  until  it  is  sufiiciently 
fluid,  when  it  is  ladled  out  into  the  sloping  trough,  which  de- 
livers it  to  the  dissolving-tank.  The  pot  is  then  started  on  a 
new  charge.  Although  a  charge  could  be  turned  in  less  than 
2  days,  this  makes  a  very  convenient  and  generally  economical 
arranorement. 
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When  starting  the  charge  and  when  finishing  it,  the  pot  re- 
quires much  of  the  potman's  time ;  but  at  other  times  it  does 
not  call  for  much  attention.  The  potman  attends  also  to  the 
dissolving-  and  the  filtering-tanks,  and  to  the  precipitation  of 
the  silver.  The  ladle  used  in  emptying  the  pot  is  a  wrought- 
iron  scoop  and  holds  about  half  a  gallon. 

The  dissolving-tank  is  filled  with  cold  water  to  within  6  or  8 
inches  of  the  top  and  tightly  covered,  since  the  introduction  of 
the  charge  generates  much  heat.  After  the  charge  is  in,  the 
cover  is  raised  and  the  solution  is  stirred  with  a  wooden  paddle 
and  boiled  with  steam,  after  which  it  is  settled  about  half  an 
hour  and  drawn  into  the  filters.  The  first  tankful  of  solution 
contains  most  of  the  copper,  and  is  run  into  the  small  precipi- 
tating-tank  and  kept  separate  from  the  rest  of  the  solution. 
After  the  precipitation  of  the  silver  it  contains,  it  is  run  di- 
rectly to  the  evaporators,  and  brought  up  to  35°  B.  and  then 
crystallized. 

The  charge  now  resembles  thick  white  mud  and  is  washed 
from  8  to  10  times  with  weak  acid  solution,  to  remove  the  sil- 
ver, ^-ielding  solutions  about  20°  B.  in  strength. 

After  washing,  the  residue  is  thrown  into  a  filter.  This  resi- 
due varies  very  much,  running  from  5,000  to  19,000  ounces  of 
silver  per  ton  and  50  to  100  ounces  of  gold,  the  balance  being 
mainly  sulphate  of  lead.  Some  of  the  silver  is  present  as  sul- 
phate, but  there  is  also  considerable  metallic  silver. 

The  solution  has  a  reducing  action,  and  immediately  a  sepa- 
ration of  metallic  silver  begins  in  the  dissolving-tank,  often  with 
the  formation  of  beautiful  growths  upon  the  surface  of  the 
liquid.  This  reaction  continues  in  the  filters.  By  reason  of  it, 
metallic  silver  is  found  in  the  first  residue,  and  some  10,000 
ounces  may  accumulate  in  the  filters  during  the  year's  run.  In 
the  annual  clean-up,  the  sand  is  removed  from  the  filters  and 
boiled  in  the  pot  with  strong  acid  to  recover  the  silver.  A 
small  amount  of  silver  and  some  gold  remain  in  the  sand. 

From  the  filters  the  silver-bearing  solution  goes  to  the  pre- 
cipitating-tanks,  where  the  silver  is  precipitated  by  copper, 
cathode-plates  from  an  electrolytic  refinery  being  used.  The 
plates  are  stood  up  against  the  sides  as  close  as  possible.  The 
precipitated  silver  falls  to  the  bottom  and  is  scraped  away  from 
the  plates  every  few  days  with  a  wooden  shovel.      Tlie  copper 
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solutions  require  a  long  time  to  precipitate,  sometimes  18  hours, 
but  ordinary  solution  is  precipitated  in  4  to  5  hours.  During 
the  precipitation  the  solution  is  stirred  by  air  and  heated  by 
steam. 

When  the  precipitating-tank  is  cold  and  the  hot  solution  of 
silver  sulphate  runs  in,  there  may  be  a  separation  of  silver  sul- 
phate, which  may  go  into  solution  again  as  the  solution  is  heated 
up,  but  some  of  it  may  also  remain  in  the  cement-silver,  and  be 
removed  in  washing  the  silver,  in  which  case  the  wash-water 
nmst  be  treated  with  copper.  This  is  done  in  the  wash-solution 
storage-tank. 

When  about  20,000  ounces  of  cement-silver  have  accumulated 
in  the  precipitatiug-tanks,  it  is  shoveled  out  into  the  sweetening- 
tank  with  a  wooden  shovel,  washed  with  hot  water  and  then 
with  acidulated  hot  water  until  the  ammonia-test  shows  no  cop- 
per. This  takes  about  15  hours.  The  wash-water  runs  through 
a  guard-tank  containing  scrap-iron,  and  then  to  waste.  The 
sweetened  silver  is  put  into  iron  pans  and  dried  about  24  hours 
in  the  steam-dryer,  pressed  into  cakes,  dried  again  and  melted. 
A  small  copper  shovel  and  an  ordinary  wisp-broom  are  used  in 
handling  the  cement-silver  at  the  press. 

In  1894  the  melting  was  done  in  graphite  crucibles,  holding 
about  2400  ounces  or  2  bars  each,  coke  and  charcoal  being  used 
for  fuel.  The  crucible  was  filled  with  cakes  and  a  little  borax 
was  added.  As  the  cakes  melted  down,  more  were  added  with  a 
pair  of  tongs,  until  the  crucible  was  nearly  full  of  molten  silver. 
Niter  was  then  added,  and  sometimes  a  little  borax,  and  the 
crucible  was  stirred  with  an  iron  rod,  after  which  the  slag 
was  removed  with  an  iron  skimmer.  This  was  repeated  until 
the  surface  became  clear  and  bright.  After  three  or  four  additions 
of  niter,  the  metal  begins  to  boil.  The  chief  impurity  in  the 
cement-silver  is  the  iron  rust  from  the  pans,  which  is  easily  re- 
moved in  the  slag.  About  1.4  pounds  each  of  borax  and  niter 
are  used  for  each  crucible-charge.  The  cost  of  melting  was 
about  0.1  cent  per  gross  ounce. 

When  the  slag  has  all  been  carefully  removed,  the  metal  is 
stirred  and  sampled.  The  crucible  is  then  hoisted  out  of  the 
furnace  and  the  metal  is  cast.  The  melted  silver  is  poured  into 
heated  and  greased,  light  cast-steel  molds.  After  pouring,  a 
little  sugar  is  thrown  on  the  liquid  silver  and  the  mold  is  cov- 
ered   by  a   tight-fitting  cast-iron    cover.      This   gives    a   very 
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smooth  surface  to  the  bar.  "When  cool  the  bars  are  ham- 
mered up  and  marked.  The  average  fineness  for  1894  was 
999.4  silver,  with  no  gold.  As  already  stated,  446  bars  were 
produced,  of  which  401  were  999.5  fine  and  45  were  999  fine. 
The  ashes  and  slag  were  ground  and  the  buttons  of  silver  sepa- 
rated, after  which  they  were  sent  to  the  smelter. 

The  dissolving-solution  is  sent  back  to  the  dissolving-tank, 
after  the  precipitation  of  the  silver,  and  is  thus  used  again  and 
again.  It  gradually  increases  in  bulk,  from  condensed  steam, 
and  the  copper  contents  increase.  "When  it  reaches  20°  to  25° 
B.  it  is  filtered  and  run  into  the  evaporators  and  brought  up  to 
35°  to  37°  B.  It  is  then  run  into  the  crystallizers  and  left  2 
days,  if  there  is  time,  which  separates  most  of  the  blue-stone. 

The  solution  then  goes  back  to  the  evaporators,  and  is  brought 
up  to  about  42°  B.,  and  crystallized  again.  This  crop  of  crys- 
tals contains  a  great  deal  of  sulphate  of  iron.  After  the  removal 
of  the  solution  the  crystallizer  is  filled  with  cold  water,  which 
dissolves  most  of  the  iron  with  but  little  of  the  blue-stone.  This 
solution  is  run  to  waste  through  the  guard-tank  and  the  blue- 
stone  remaining  is  shoveled  out.  This  removes  most  of  the 
iron  from  the  blue-stone  without  the  loss  of  much  blue-stone. 
This  product  is  not  as  good  as  the  rest,  the  crystals  being  very 
small,  but  it  answers  as  well  in  preparing  "  extra  solution  "  in 
the  leacher. 

The  main  solution  is  again  evaporated  to  50°  to  52°  B.,  and 
run  into  the  crystallizer,  where  it  is  allowed  to  stand  several 
days,  to  separate  as  much  as  possible  of  the  iron  it  contains. 
It  is  then  pumped  to  the  storage-tanks  above,  and  used  in  the 
pots.  Considerable  iron  is  deposited  in  the  evaporators  during 
the  second  and  third  evaporations.  Periodically  they  are  washed 
out  clean  with  water  and  the  solution  is  run  to  waste  through 
the  guard-tank. 

After  boiling  five  charges  of  sulphides  about  750  pounds  of 
wet  residue  are  obtained.  This  is  put  into  the  pot  and  boiled 
with  a  little  more  than  its  own  weight  of  acid,  after  which  it  is 
washed  and  the  final  residue  dried.  This  residue  is  very  com- 
plex in  composition,  although  it  is  mainly  sulphates  of  lead  and 
silver. 

Various  attempts  were  made  to  analyze  this  material  so  as 
to  show  how  the  different  substances  were  combined  and  dis- 
tributed.    Finally  two  samples  were  put  through  a  course  of 
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analysis,  which,  it  was  thought,  wonhl  yield  interesting  and 
valuable  results.  The  results  obtained  are  interesting  and  valu- 
able too,  but  they  cannot  be  considered  as  harmonious  or  even 
satisfactory.  I  give  the  actual  results  obtainecl.  I  have  spent 
considerable  eftbrt  in  trying  to  figure  them  out  to  a  satisfactory 
conclusion,  but  have  not  been  able  to  do  so. 

Two  samples  were  examined.  They  were  first  treated  with 
ammonia  solution  and  filtered.  The  filtrate  was  neutralized 
with  acetic  acid,  giving  a  precipitate  of  AgCl,  3.40  per  cent,  in 
one  and  1.55  per  cent,  in  the  other.  HCl  Avas  then  added  to 
the  second  filtrate,  giving  6.14  and  1.60  AgCl  respectively, 
equal  to  4.62  and  1.20  per  cent,  of  Ag,  or  6.67  and  1.74  per 
cent,  of  AgjSO^.  BaCl  was  then  added  to  the  third  filtrate, 
giving  16.89  and  16.52  per  cent.  HgSO^,  of  which  2.09  and  0.54 
per  cent,  corresponded  to  the  amount  of  Ag^SO^  found,  leaving 
14.80  and  15.98  per  cent,  possibly  existing  as  fi^ee  acid,  or  in 
some  other  combination.  There  is  a  certain  quantity  of  free 
acid  present,  but  it  is  hardly  possible  that  all  this  acid  could  be 
free,  since  the  samples  are  dry  powders.  A  separate  attempt 
was  made  to  determine  the  amount  of  free  acid  present ;  but 
the  difficulties  in  the  way  rendered  this  somewhat  unsatisfac- 
tory. The  best  determinations  indicate  that  one  sample  con- 
tained about  2.27  per  cent.,  and  the  other  0.59  per  cent,  of  free 

The  filtrate  from  the  BaSO^  was  treated  with  H^SO,,  and  0.48 
and  0.60  per  cent,  of  PbSO^  were  obtained.  The  final  filtrate 
was  treated  for  copper,  and  showed  0.46  and  0.16  per  cent. 

The  residue  was  next  treated  with  HNaCOa  to  decompose 
PbSO^.  Silver  was  not  foiind  in  this  solution.  22.95  and 
18.10  per  cent,  of  H^SO^  were  obtained.  The  determinations  of 
the  lead  showed  that  19.82  and  17.62  per  cent,  of  this  acid  were 
combined  with  load  to  form  normal  PbSO^,  leaving  3.13  and 
0.48  per  cent,  in  some  other  combination.  In  the  filtrate  from 
the  BaSO^,  0.18  and  0.57  per  cent,  of  PbSO^  were  found. 

The  residue  was  next  treated  with  acetic  acid,  and  the  follow- 
ing results  were  obtained : 

I.  II. 

PbSO^, 61.12  53.93 

FeA, 0.45  1.22 

Cab, 3.35  3.32 

MgO, 0.03  0.04 
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Ag  was  not  found  in  this  solution. 

The  residue  was  next  treated  with  nitric  acid,  and  IICl  added 
to  the  filtrate,  giving  7.96  and  19.69  per  cent,  of  AgCl,  equal 
to  5.99  and  14.82  per  cent,  of  metallic  Ag.  Most  of  this  Ag 
was  probably  present  in  the  metallic  state,  but  there  was  also 
a  little  unaltered  sulphide  of  silver  present,  and  possibly  other 
combinations  of  silver. 

This  solution  also  gave  the  following  figures : 

I.  ir. 

PbSO^, 0.94  1.45 

Fe-A, 0.40  0.28 

CaO,      .         • 0.08  0.06 

MgO, 0.03  0.05 


The  residue  was  again  treated  with  ammonia,  and  yielded 
0.40  and  0.30  per  cent,  of  AgCl,  and  0.09  and  0.02  per  cent,  of 
PbSO^.  The  final  insoluble  residue  after  all  this  treatment  was 
5.78  and  5.26  per  cent. 

Separate  portions  were  treated  with  CI  in  alkaline  solution, 
and  yielded  the  equivalents  of  39.32  and  34.08  per  cent,  of 
H^SO,. 

The  following  table  gathers  up  the  results.  The  sulphuric 
acid  is  stated  as  HgSO^,  but  only  a  small  portion  was  actually 
present  as  such : 

Final  Residue, 

Ammonia  solution  :  I-  II. 

Per  cent.  Per  cent. 

AgCl  present  as  such, 3.40  1.55 

AgCl,  combination  questionable, .         .         .         .6.14  1.60 

H,S04, 16.89  16.52 

PbO, 0.35  0.44 

Cu, 0.46  0.16 

Bicarbonate  of  soda  solution  : 

H,SO^, .22.95  18.10 

PbO, 0.13  0.42 

Acetic  acid  solution  : 

PbO, 44.98  39.69 

FeA, 0.45  1.22 

CaO,    .         , 3.35  3.32 

MgO, 0.03  0.04 
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XT.    .        .  ,      ,     .  I-  II- 

rJitric  acid  solution  :  Per  cent.       Per  cent. 

AgCl,  combination  questionable,          .         .         .7.96  19.69 

PbO 0.69  1.06 

FeA, 0.40  0.28 

CaO, 0.08  0.06 

MgO 0.03  0.05 

Second  ammonia  solution  : 

AgCl,  combination  questionable,         .         .         .0.40  0.30 

PbO, 0.07  0.01 

Final  residue, .5.78  5.26 

The  final  residue  and  the  earthy  constituents  undoubtedly 
came  from  the  sand  of  the  tilter  gathered  up  in  handling  the 
material  in  the  refinery. 

During  1894  this  residue  was  shipped  away  to  the  smelters 
for  treatment,  but  now  it  is  being  melted  on  a  hearth  at  the 
refinery. 

Supplies. 

Sulphuric  acid  of  66°  B.  is  purchased  at  Denver,  Colo.,  and 
shipped  to  the  refinery  in  iron  tank-cars,  holding  from  40,000 
to  50,000  pounds.  It  is  drawn  or  syphoned  out  of  the  cars  into 
a  lead-lined  iron  tank  on  a  truck  and  hauled  to  the  refinery, 
where  it  is  discharged  into  the  storage-tanks  by  means  of  com- 
pressed air.  It  is  necessary  to  have  this  truck-tank  lined  with 
lead,  for  the  reason  that,  on  standing,  the  small  amount  of  acid 
necessarily  left  in  the  tank  will  absorb  moisture  and  become 
dilute  enough  to  attack  iron.  The  handling  of  the  acid  requires 
some  care,  but  presents  no  difficulty.  It  would  be  better  if  the 
acid  could  be  blown  by  compressed  air  directly  from  the  tank- 
ears  to  the  storage-tank ;  and  this  arrangement  may  be  made. 
In  the  1894  run  389,439  pounds  of  66°  acid  were  used,  an  aver- 
age of  3.34  pounds  per  pound  of  sulphides  treated,  or  0.68 
pound  per  ounce  of  silver. 

The  particular  form  of  copper  used  is  of  no  consequence, 
provided  it  does  not  contain  impurities  that  will  reduce  the 
fineness  of  the  silver.  At  first  we  used  cast-copper-plates,  but 
afterwards  used  cathode-plates  from  an  electrolytic  copper-re- 
finery. They  were  used  direct  without  any  preparation.  When 
a  pig-copper  sufficiently  free  from  gold  can  be  had,  it  would  be 
cheaper,  especially  if  it  carried  silver,  which  would  be  recovered 
in  the  process. 

In  the  1894  run  16,832.5  pounds  of  copper  were  used.     One 
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pound  of  copper  precipitated  2.27  pounds  of  silver,  or  -83.1  Troy 
ounces.  This  consumption  of  copper  is  larger  than  theory  re- 
quires, but  probably  some  copper  is  oxidized  by  the  air  used  in 
stirring  the  solution. 

The  local  coal  from  the  neighboring  Weber  field  is  used. 
Other  and  more  expensive  kinds  have  been  tried,  but  do  not 
seem  to  present  any  advantages.  In  the  1894  run  166,000 
pounds  were  used  for  all  purposes. 

Labor. 

For  the  ordinary  operation  of  the  process  a  superintendent 
and  two  men  were  required.  Besides  the  general  supervision  of 
the  work,  the  superintendent  did  the  melting  of  the  bullion 
about  once  in  twelve  to  fourteen  days,  and  required  the  assist- 
ance of  an  extra  man.  One  laborer  had  charo-e  of  boilins:  the 
sulphides  in  the  pot  and  the  dissolving,  filtering  and  precipita- 
tion of  the  silver.  The  other  man  had  charge  of  the  blue-stone 
and  pressing  the  cement-silver.  He  also  did  the  lead-burning, 
not  only  for  ordinary  repairs,  but  in  the  construction  of  the 
plant.  Occasionally  extra  labor  was  required,  particularly  in 
shipping  residue  and  making  the  annual  clean-up.  Mechanics 
were  also  required  for  special  work  at  times. 

Returns. 

It  is  well  known  that  there  is  a  loss  in  determining  the  precious 
metals,  particularly  silver,  by  fire  assay,  arising  from  absorption 
by  the  cupel  and  slag.  In  the  case  of  ordinary  ores  the  amount 
of  this  loss  per  ton  of  ore  is  generally  small,  although  the  per- 
centage of  the  total  silver  in  the  ore  be  large.  In  the  case  of 
rich  materials,  however,  the  percentage  loss  on  the  total  silver 
is  low,  but  the  actual  quantity  per  ton  becomes  considerable, 
and  when  the  rich  material  carries  copper,  the  loss  of  silver  per 
ton  becomes  quite  serious.* 

In  our  business  transactions  the  sulphides  are  always  settled 
for  upon  an  assay  corrected  for  slag-  and  cupel-absorption  as 
follows : 

"  Weigh  out  one-twentieth  (2^^^)  of  an  assay-ton  of  sulphides, 

*  See  "The  Accuracy  of  the  Commercial  Assay  for  Silver,"  by  the  writer 
Jr.  Am.  Chem.  Soc,  vol.  xvi.,  pp.  505  to  516  ;  also  "  The  Inaccuracy  of  the  Com- 
mercial Assay  for  Silver,  etc.,"  C.  A.  Stetefeldt,  Trans.,  xxiv.,  530  to  538. 
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55  grammes  of  granulated  test-lead  and  2  to  3  grammes  of 
fused  borax. 

One-half  of  the  lead  is  put  in  the  bottom  of  the  scorifier  and 
hollowed  out ;  the  sulphides  are  put  into  the  hollow  and  the 
rest  of  the  lead  poured  over  them ;  the  borax  is  then  placed  on 
top.  The  assay  is  then  conducted  in  the  usual  way.  The  slag 
and  cupel  shall  be  ground  up  and  assayed,  and  the  results  added 
to  the  main  assay." 

This  assay  shows  from  100  to  200,  or  even  more,  ounces  per 
ton  more  than  the  ordinary  uncorrected  assay  shows. 

Even  on  the  corrected  assay  the  actual  amount  of  silver  re- 
turned by  the  refinery  on  the  year's  work  was  2,078.81  ounces 
more  than  the  assays  called  for.  Mr.  Russell,  who  has  had 
large  experience  in  this  department  of  assaying,  has  declared 
to  the  writer  that,  in  his  opinion,  the  very  best  assay  of  Russell 
sulphides  that  can  be  made,  shows  still  about  |  of  1  per  cent, 
below  the  actual  amount  of  silver  present.  Of  course,  there 
must  necessarily  be  some  loss  in  our  practical  operations,  but 
these  returns  show  that  this  loss  is  less  than  the  difference  be- 
tween the  corrected  assay  and  the  amount  of  silver  actually 
present.  It  is  regarded  as  an  extraordinary  showing  for  a 
chemical  process  on  the  large  scale  to  recover  more  than  the 
best  possible  assay  calls  for. 

The  sulphides  treated,  116,519.5  pounds,  contained  572,- 
544.45  ounces  of  silver ;  and  the  silver  returned  w^as  divided  as 
follows : 

Product  Returned. 

Fine  silver.  Total  silver. 

Ounces.  Per  cent. 

Fine  bullion,  free  from  gold,  .         .         .         .    551,329.89  9^29 

Residue, 1-5,773.41  2.76 

Cleanings, 5,328.87  .93 

On  hand, 2,191.09  .38 

Total, 574,623.26       100.36 

Plus  clean-up, 2,078.81  .36 

All  weights  of  sulphides  and  products,  excepting  one  case 
covering  less  than  200  ounces,  and  all  the  assays  are  the  origi- 
nals made  by  the  Daly  Mining  Company. 

On  selling  the  silver  the  reclamations  by  the  buyers  amounted 
to  onlv  130.6  ounces  for  the  whole  vear. 
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As  to  the  recovery  of  the  gold,  I  cannot  see  any  reason  why 
it  shonld  not  equal  the  silver  recovery,  but  the  figures  upon  this 
point  are  not  satisfactory.  The  actual  return  of  gold  for  the 
year  was  606.9  ounces,  the  original  assays  of  the  Daly  Mining 
Company  called  for  654.8  ounces,  but  their  re-assay  on  some  of 
the  samples  reduced  this  to  646.1.  This  left  an  apparent  short- 
age in  the  returns  of  39.2  ounces.  The  same  samples  were 
assayed  by  Mr.  Charles  Earl,  under  my  direction,  and  while  the 
silver  results  showed  a  satisfactory  agreement  with  the  Daly 
assays,  yet  his  gold  determination  called  for  only  602.9  ounces, 
showing  a  plus  clean-up  on  the  year's  work  of  4  ounces.  After 
the  close  of  the  year's  business^  a  general  sample  was  prepared 
by  taking  proportionate  weights  of  each  of  the  check  samples 
of  the  25  lots,  and  the  Daly  Company's  assay  of  this  sample 
called  for  605.9  ounces,  and  showed  a  plus  clean-up  of  1  ounce. 
Mr.  Earl  is  no  longer  with  me,  so  I  cannot  give  his  figures  on 
this  sample. 

There  are  special  difficulties  m  determining  such  small  quan- 
tities of  gold  in  the  presence  of  so  much  silver.  The  Daly  Com- 
pany's assayer  assayed  the  same  samples  of  3  lots  of  sulphides 
at  three  diiferent  times  with  the  following  results  : 

Gold — Ounces  j^fr  Ton. 

1st  assay, 10  9.6        9.6 

2d      " 9.7        9.8        9.2 

3d      " 9.6        9.4        9.0 

Mr.  Earl  found  in  the  same  samples  8.8,  9  and  9  ounces  re- 
spectively. 

These  assays  came  on  a  run  of  about  24,700  pounds  of  sul- 
phides, and  the  difference  between  the  Daly's  first  and  last  as- 
says changed  a  minus  clean-up  to  a  plus  clean-up. 

Again,  the  Daly  Company  assayed  a  sample  of  sulphides  at 
two  different  times,  and  Mr.  Earl  assayed  the  same  sample  at 
two  different  times,  with  the  following  results : 

Gold — Ounces  per  Ton. 

Daly.         Earl. 

Ist  assay, 13.4        11 

2d      " 12.0        11.06 

The  difficulty  of  detemiining  the  gold  is  not  confined  to  the 


PROCESS    OF    TREATING    LIXIVIATION    SULPHIDES.  261 

sulphides.      The  Daly  Company's  assays  of  2  samples  of  gold- 
bearing  residue  in  triplicate  were  as  follows : 

Gold — Ounces  per  Ton, 

Ist  assay, 143.4        118.6 

2d      "  137  124.2 

3d      "  141.1        126.2 

Average, 140.5        123 

Another  average  on  the  first  sample  was  138.1.  In  one  ship- 
ment of  this  residue  the  smelter  paid  for  0.48  ounce  of  gold 
more  than  the  Daly  Company's  assay  called  for. 

It  has  been  suggested  that  the  silver  bars  were  not  entirely 
free  from  gold.*  While  this  was  the  case  in  the  early  days  of 
the  process,  yet  the  assayer  did  not  report  any  gold  in  any  bars 
of  silver  shipped  in  1894.  "With  his  previous  experience  in  this 
matter,  and  with  the  care  used  in  looking  for  gold,  it  is  hardly 
possible  that  any  considerable  quantities  of  gold  would  have 
slipped  out  in  the  silver.  A  few  ounces  might  possibly  have 
escaped,  but  hardly  39  ounces. 

The  conditions  of  the  process  are  such  that  I  do  not  see  how 
we  could  gain  so  much  on  the  silver  and  lose  on  the  gold ;  so 
that  I  am  satisfied  that  the  process  practically  recovers  all  the 
gold  that  goes  into  the  operations,  although  the  assays  may  not 
always  show  this. 

The  blue-stone  product  amounted  to  175,809  pounds,  or  3.63 
pounds  per  pound  of  total  copper  going  to  the  refinery.  This 
copper  includes  the  copper  in  the  sulphides  and  the  copper  used 
to  precipitate  the  silver.  The  return  was  somewhat  below 
theory,  but  an  unknown  quantity  of  copper  was  recovered  in 
the  guard-tank,  through  which  all  the  solution  is  passed  before 
goinor  to  waste. 

No  particular  care  is  taken  to  prepare  fine  large  crystals  of 
blue-stone  ;  and  it  is  not  necessary  to  purify  the  solutions  from 
iron  except  as  above  described.  Most  of  the  blue-stone  pro- 
duced goes  to  the  leacher,  and  the  size  of  the  crystals  is  of  no 
moment  whatever,  while  the  small  amount  of  iron  present  does 
no  harm.     The  best  grade  showed  0.34  per  cent.,  the  medium 

*  Stetefeldt,  Lixiviation  of  Silver- Ores  ivith  Hyposulphite  Solutions,  2d  Ed.,  p.  181. 
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0.69,  and  the   worst,  of  which  only  a  small  quantity  was  pro- 
duced, 3.89  per  cent,  of  protoxide  of  iron. 

About  125,000  pounds  of  blue-stone  were  used  by  the  leacher 
in  preparing  extra-solution,  leaving  about  50,000  pounds  to  be 
sold  to  outside  parties. 

Summary  of  Statistics  for  the  Year  of  Boiling  Russell  Sulphides  in 
Strong  Sulphuric  Acid  by  the  Dewey-  Walter  Process. 


First  charge  of  1894  sulphides  to  pot,  February  20,  1894 
"  "     189-5  "  "  "        27,  1895 


Sulphides  treated, 


contained  silver  by  corrected  assay, 

"        silver  average  ounces  per  ton 


copper, 
lead, 


copper  average, 
lead, 


Acid  used. 


''  per  pound  sulphides, 

"  "   ounce  silver. 

Coal, 

Copper  used  to  precipitate  silver. 
Total  copper,    .... 
One  pound  copper  precipitated  silver, 
Blue-stone  produced, 

"  "        per  pound  copper, 

Regular  labor,  superintendent  and  2  men. 
Extra  labor,  1  man  at  bullion  melting  to  assist  super- 
intendent, laborers  for  clean-up  and   shipment  of  resi- 
due, etc. ,  mechanics  for  special  work  occasionally. 

116,519.5  pounds  sulphides  contained  572,544.45  fine 
ounces  of  silver. 

Silver  Product  Returned  : 


Fine  bullion,  free  from  gold, 

Kesidue, 

Cleanings, 

On  hand. 

Total,       . 
Plus  clean-up, 


Pounds. 
116,519.5 
Ounces. 
572,544.45 
9,827.44 
Pounds. 
31,585.3 
385.6 
Per  Cent. 
27.17 
0.33 
Pounds. 
389,439. 

3.34 
0.68 
166,000. 
16,832.5 
48,417.8 
2.27 
175,809. 
3.63 


Fine 

Percentage 

Ounces. 

of  Total. 

5  il,  329. 89 

96.29 

15,773,41 

2.76 

5,328.87 

0.93 

2,191.09 

0.38 

574,623.21) 

100.36 

2,078.81 

0.36 

The  advantages  of  this  process  are  : 

1.  It  recovers  a  phenomenal  percentage  of  the  silver. 
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2.  It  is  an  entirely  liquid  proeess  from  the  beginning  to  the 
end,  so  that  there  is  no  loss  from  handling  dry  products. 

3.  There  is  no  roasting  to  cause  loss. 

4.  A  large  percentage  of  the  silver  is  recovered  as  very  fine 
bars,  ready  to  enter  the  market. 

5.  The  process  is  so  simple  and  so  easily  carried  out,  and  the 
plant  is  so  small  and  inexpensive,  that  it  can  be  installed  at  indi- 
vidual leaching-works. 

6.  Finally,  the  cost  of  operation  is  small ;  in  fact,  the  value  of 
the  blue-stone  recovered  returns  a  large  proportion  of  the 
operating-expenses. 


Laboratory-Note  on  the  Heat-Conductivity,  Expansion 
and  Fusibility  of  Fire-Brick. 

BY  J.    n.    PENNOCK,   SYRACUSE,  N.  Y. 
(Colorado  Meeting,  September,  1896.) 

The  different  samples  of  brick  examined  were  Grecian  mag- 
nesite,  American  magnesite,  silica  brick  and  coke-oven  tiling 
made  in  Belgium  and  used  in  retort  coke-ovens. 

The  Grecian  magnesite  was  furnished  by  a  New  York  party. 

The  American  magnesite  and  the  silica  brick  were  furnished 
by  a  manufacturing  company  in  Pittsburgh. 

From  these  brick  were  made  cylindrical  cores,  7|  inches  long 
and  If  inches  in  diameter.  At  one  end  of  each  was  drilled  a 
hole  about  ^-inch  in  diameter  and  1^  inches  long,  into  which 
the  thermometer  was  inserted  during  the  experiment. 

Conductiviti/. — The  apparatus  used  for  determining  the  con- 
ductivity, as  shown  in  Fig.  1,  is  a  sheet-iron  drum,  18  inches 
in  diameter  and  8  inches  high.  In  the  center  is  a  little  com- 
bustion-chamber with  walls  of  split  fire-brick,  3f  inches  square 
and  about  6  inches  high.  The  fire-brick,  however,  pass  through 
the  drum  to  the  table  on  which  the  drum  stands.  The  cores 
are  placed  horizontally,  half-way  between  the  top  and  bottom 
of  drum  and  on  the  line  of  diameters  at  right  angles.  In  the 
four  walls  of  the  combustion-chamber  are  cut  holes  just  large 
enough  to  allow  the  cores  to  pass  through.     The  cores  extend 
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Section  on  line  A  B 


Section  on  line  C  O 
Apparatus  for  Determining  Heat-Conductivity. 
A,  sheet-iron  drum  ;   B,  combustion-chamber ;    C,  cores  to  be  tested  ;    D,  sup- 
ports for  Seger  cones  ;  G,  glass-wool  ;  T,  thermometers  ;    H,  blast  lamp  for  heat- 
ing ;  S,  chimney  for  combustion-chamber. 
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into  the  combustion-chamber  exactly  J-inch.  The  other  end  of 
the  core  just  comes  to  the  outside  of  the  drum  through  a  hole. 
An  asbestos  washer  encircles  the  thermometer,  which  is  in- 
serted in  the  brick,  and  covers  the  end  of  the  core.  A  blast- 
lamp  is  introduced  into  the  bottom  of  the  combustion-chamber. 
The  space  about  the  cores  in  the  drum  was  filled  with  glass- 
wool,  packed  closely.  The  thermometers  were  read  at  the  time 
the  heat  was  started  and  every  15  minutes  for  five  hours.  Below 
are  given  the  results  of  three  experiments,  and  a  chart  of  one 
of  them  may  be  found  on  the  preceding  page. 

Temperatures  of  Ends  of  Cores  at  Stated  Intervals. 

(In  Centigrade  Degrees.) 


Experiment  No.  1. 

Time. 

Hrs. 

Mins. 

00,   . 

15,   . 

30,   . 

4.%   . 

1 

00,   . 

1 

15,   . 

1 

30,   . 

1 

45,   . 

2 

00,   . 

2 

15,   . 

2 

30,   . 

2 

45,   . 

3 

00,   . 

3 

15,   . 

3 

30,   . 

3 

45,   . 

4 

00,   . 

4 

15,   . 

4 

30,   . 

4 

45,   . 

5 

00,   . 

Experiment  No.  2. 

CO,   . 

15,   . 

30,   . 

45,   . 

00,   . 

15,   . 

30,   . 

45,   . 

00,   . 

Grecian 

Silica 

Coke-Oven 

American 

Magnesite. 

Brick. 

Tiling. 

Magnesite. 

25 

24 

24 

25 

28 

24 

24 

26 

49 

24 

24 

33 

87 

28 

27 

61 

.  125 

34 

33 

92 

155 

43 

41 

121 

184 

54 

50 

149 

208 

68 

61 

172 

230 

82 

73 

196 

249 

97 

85 

215 

264 

109 

96 

229 

277 

120 

107 

243 

289 

131 

115 

254 

299 

138 

121 

262 

308 

148 

130 

270 

314 

154 

135 

276 

320 

160 

140 

281 

325 

165 

144 

28) 

330 

169 

143 

290 

332 

173 

151 

294 

337 

177 

154 

297 

20 

20 

20 

20 

27 

22 

20 

26 

54 

23 

24 

44 

86 

25 

27 

69 

130 

33 

35 

107 

157 

40 

42 

132 

•  188 

52 

50 

159 

215 

63 

59 

184 

249 

78 

73 

210 
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Grecian 

Silica          Coke-Ovcn 

Amcricnn 

Time.                                       Magnesite. 

Brick.              Tiling. 

Magnesite. 

Hrs.  Mills. 

2     15,       .          .         .         .263 

93                   85 

229 

2     30,       . 

.     280 

107                  97 

246 

2    45,       . 

.     295 

121                 110 

260 

3     00,       . 

.     307 

132                120 

274 

3     15,       . 

.     317 

142                130 

3    30,       . 

.     325 

152                138 

291 

3    45,       . 

.     332 

160                146 

301 

4    00,       . 

.     339 

166                 152 

307 

4    15,       . 

.     341 

170                157 

311 

4    30,       . 

.     341 

175                162 

315 

4    45,       . 

.     343 

178                165 

316 

Experiment  No.  3 

00,       . 

.       25 

25                 25 

25 

15, 

.       29 

2)                  2) 

29 

30,       . 

.      50 

26                  26 

43 

45,       . 

.       83 

23                  29 

69 

1    00,       . 

.     130 

35                  3> 

105 

1    15, 

.     157 

41                  42 

130 

1     30,      . 

.     196 

55                 54 

169 

1     50,      . 

.     220 

71                  70 

20) 

2    00, 

.     243 

77                  75 

215 

2     15, 

.     263 

90                 87 

236 

2    30, 

.     280 

104                100 

2)7 

2    45, 

.     297 

117                112 

270 

3    00, 

.     307 

126                120 

282 

3     15, 

.     317 

139                132 

294 

3    30, 

.     326 

148                14-2 

301 

3     45, 

.     334 

167                159 

319 

4    00, 

.    340 

174                165 

324 

4    15, 

.     345 

180                171 

325 

4    30, 

.     351 

186                176 

329 

4    45, 

.     354 

191                182 

329 
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The  chart  (Fig*.  2)  shows  more  strikingly  the  greater  con- 
ductivity of  the  Grecian  fire-hrick.  It  will  he  noticed  also  that 
the  Grecian  magnesite  conducts  heat  more  readily  than  the 
American  magnesite.  This  is  doubtless  due  to  its  greater  purity 
as  well  as  its  greater  density.  From  the  greater  conductivity 
of  Grecian  magnesite,  its  advantage  over  the  ordinary  coke- 
oven  tiling  is  apparent  in  cases  where  the  aim  is  transmission 
of  heat. 

Expansion. — For  the  determination  of  the  expansion  of  the 
fire-hrick,  an  ordinary  small  combustion-furnace  (F,  Fig.  3)  was 
used.  As  shown  in  Fig.  3,  the  fire-brick  core,  C,  was  placed  in 
the  furnace  and  forced  and  fastened  against  a  fire-brick,  which  in 
turn -was  fastened  against  the  iron  end  of  the  furnace,  so  that  the 
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expansion  was  exhibited  only  at  one  end.  Let  into  this  end  ot 
the  core  was  a  glass  rod,  R,  protected  by  an  asbestos  partition 
from  the  heat  of  the  furnace.  The  other  end  of  the  dass  rod 
touched  the  end  of  the  short  arm  of  a  lever,  A.  The  end  of  the 
long  arm  of  the  lever  worked  another  lever  at  E.  The  levers 
are  so  arranged  that  the  expansion  of  the  core  is  magnified  70 
times  on  the  dial  K. 


Longitudinal  Section  of  Furnace  and  Apparatus  for  Measuring  Expansion. 

The  following  are  the  results : 


Grecian  magnesite,. 
American  magnesite  ?  . 
Coke-oven  tiling,  . 


The  silica  core  broke,  and  we  were  unable  to  get  a  figure  for 
its  expansion. 

Analysis  of  Cores. — Analyses  were  made  of  each  material  ex- 
perimented with.     The  results  were  as  follows : 


Length  of 

Dial 

Expansion 

Expansion 

Core. 

Reading. 

of  Core. 

per  12  inches 

Inches. 

Inches. 

In  Inches. 

of  Brick. 

fNo.  1,  7f 
I  No.  2,  7| 

5 

.07 

.11 

5 

.07 

.11 

fNo.  1,  7| 
I  No.  2,  1% 

4.75 

.067 

.10 

4 

.057 

.088 

fNo.  1,  7f 
i.  No.  2,  7f 

3.5 

.05 

.076 

3.5 

.05 

.076 

Grecian 

American 

Silica 

Coke-Oven 

Magnesite. 

Magnesite. 

Bricli. 

Tiling. 

Silica, 

2.16 

3.10 

94.07 

69.89 

Iron  oxides  and  alumina, 

72 

6.64 

3.66 

27.75 

Calcium  oxide, 

4.20 

3.76 

1.39 

0.27 

Magnesium  oxide,     . 

93.03 

86.50 

0.19 

0.17 
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Specific  Gravity. — By  displacement  of  water  method  the  speci- 
fic gra^^tie8  of  each  fire-hrick  were  : 

Grecian  magnesite,  .         .         .         .         .         .         .         .3.54 

American  magnesite,       .         .         .         .         .         .         .         .3.44 

Coke-oven  tiling, 2.56 

Silica-brick, 2.54 

Weight  Per  Cubic  Foot. — Each  core  was  weighed,  and  by  cal- 
culation from  these  weights  the  following  weights  per  cubic  foot 
were  obtained : 

Pound  per 
Cubic  Foot. 

Grecian  magnesite, 170.2 

American  magnesite,      ........     160.9 

Coke-oven  tiling, 109.9 

Silica-brick, 111.4 

Fusibilifi/. — Pieces  of  each  fire-brick  were  put  into  the  com- 
bustion-chamber of  the  gas-fired  boiler,  where  the  heat,  as  deter- 
mined by  Seger  cones,  was  1270°  C,  and  allowed  to  remain; 
but  there  were  no  signs  of  softening  in  any  one  of  them.  The 
Grecian  fire-brick,  which,  when  put  into  the  fire,  was  of  a  yel- 
lowish-brown color,  was  bleached  to  a  perfect  white. 

We  could  not  obtain  a  heat  sufUciently  high  to  fuse  any  of 
the  fire-brick. 


Action  of  Blast-Furnace  Gases  Upon  Various  Iron-Ores. 

BY  O.  O.  LAUDIQ,  BUFFALO,  N.  Y. 

(Colorado  Meeting,  September,  1896.) 

It  is  a  well-established  fact  that  some  ores  do  not  reduce  as 
readily  in  the  furnace  as  others,  thus  seriously  affecting  out-put, 
and  consequently,  cost  of  product.  With  the  object  of  obtain- 
ing some  information  upon  this  subject,  the  following  experi- 
ments were  made  in  the  laboratory  of  the  Buftalo  Furnace 
Company. 

Efforts  were  made  to  obtain,  as  nearly  as  possible,  represent- 
ative ores  from  some  of  the  most  important  mining  districts  in 
the  United  States.  The  ores  received  were  from  the  Mesabi, 
Marquette,  Gogebic,  Menominee  and  Vermilion  ranges  of  the 
Lake  Superior  district  and  from  Southwest  Virginia.     Eequests 
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for  ores  from  Alabama  failed  to  receive  a  response.  To  the 
above  ores  were  added  several  samples  of  scales  and  cinders. 
It  may  be  said  in  this  connection  that  a  number  of  the  samples 
received  were  selected  and  do  not  exactly  represent  the  average 
product  of  the  mine,  as  will  be  seen  by  comparing  the  analyses 
with  the  amount  of  metallic  iron  found  in  the  sample  used  in 
the  experiments. 

In  order  to  classify  the  ores  for  the  experiments,  they  were 
dried  so  as  to  sieve  easily,  and,  without  crushing,  were  sieved 
through  :|^-inch,  |-inch,  20-,  40-,  60-,  80-  and  100-mesh  sieves. 
The  percentage  remaining  on  each  sieve  was  determined  by 
weight.  The  results  are  shown  in  Table  I.,  under  the  head 
*'  Relative  Fineness,  Not  Crushed." 

After  all  the  samples  had  been  treated  in  this  way,  they  were 
classified  as  nearly  as  possible,  according  to  their  size,  as  shown 
by  the  percentage  which  remained  on  or  passed  through  a  cer- 
tain mesh. 

Five  divisions  were  thus  made.  Those  samples  which  were 
all  lump,  or  nearly  so,  were  crushed  in  an  iron  mortar  so  as  to 
pass  through  a  20-mesh  sieve,  but  only  the  part  remaining  on 
an  80-mesh  sieve  was  taken.  The  ores  next  in  size  were  crushed 
through  a  40-mesh,  and  that  remaining  on  a  100-mesh  was 
taken.  The  next  two  sizes  were  crushed  so  as  to  pass  through 
60-mesh  and  80-mesh  respectively,  and  the  entire  sample  was 
taken.  The  finest  ores  were  crushed  through  a  100-mesh 
sieve.  In  crushing,  care  was  taken  to  sieve  repeatedly,  so  as  to 
have  the  least  possible  quantity  pass  through  the  smaller-meshed 
sieves.  The  object  of  this  classification  was  to  obtain  for  the 
experiment,  as  nearly  as  practicable,  a  relative  size  of  the  ores 
as  shown  by  natural  condition. 

After  crushing,  the  percentage  remaining  on  sieves  finer  than 
the  largest  mesh  through  which  the  ore  was  crushed,  was  deter- 
mined, thus  giving  some  idea  of  the  size  of  the  particles  of  the 
ore.  In  cinders,  only  lumps  were  taken  and  treated  with  the 
coarsest  ores.  Three  samples  of  No.  26  were  taken,  one  crushed 
through  a  100-mesh,  another  through  20  on  80,  and  the  third 
through  |-inch  on  20-mesh. 

Table  I.  shows  range  and  class  of  ore,  size  in  natural  condition 
and  percentage  remaining  on  various-sized  sieves  after  crushing; 
also,  the  classification  for  experiments. 
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The  magnetite  ^o.  29  is  from  an  unknown  source,  and  was 
tiiken  because  of  its  large  crystals ;  the  other  magnetite  having 
very  small  crystals. 

In  the  column  headed  "  Cohesion,  as  Shown  by  Crushing," 
No.  26,  a  hard  Minnesota  ore,  was  taken  as  the  standard  for 
"  Very  Strong,"  and  'No.  30,  a  spongy,  ocheriferous  limonite, 
for  "  Very  Weak,"  and  the  relative  cohesion  was  estimated  by 
the  readiness  with  which  the  ore  went  to  pieces  when  crushed 
in  an  iron  mortar.  Some  ores,  like  the  magnetite  No.  29,  were 
easily  broken  into  small  crystals,  but  these  crystals  were  diffi- 
cult to  pulverize. 

Fig.  I. 


=^ 


(?= 


R 


Section  of  Apparatus. 

One-fourth  natural  size. 


The  total  analyses  given  in  Table  II.  are  an  average  of  the 
mines'  product.  All  samples  were  dried  at  212°  F.,  and  the 
specific  gravity  and  metallic  iron  were  determined  in  the  sam- 
ples used  for  the  experiment. 

The  apparatus  used  (see  Fig.  1)  was  a  cylindrical  cast-iron 
chest,  made  in  two  pieces,  top  and  bottom.  In  the  bottom  was 
a  reservoir,  6  inches  in  diameter  and  IJ  inches  deep.  Aground- 
joint  was  made  by  means  of  a  |-inch  bevel  on  the  upper  edge 
of  the  reservoir  and  on  a  circular  projection  of  the  lid.  Both 
lid  and  bottom  had  flanges  2|  inches  wide,  in  which  were  four 
holes  |-inch  in  diameter,  used  for  bolting  the  two  parts  of  the 
chest  together.  Passing  perpendicularly  through  the  lid  and 
just  within  the  circumference  of  the  reservoir,  was  an  |-inch 
pipe  which  extended  almost  to  the  bottom  of  the  reservoir. 
Directly  opposite  was  a  similar  pipe,  similarly  situated,  one 
being  used  as  an  inlet,  the  other  as  an  outlet  to  the  reservoir. 
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The  whole  apparatus  stood  on  four  cast-iron  legs  1|  inches 
high,  thus  permitting  any  liquid  in  which  the  apparatus  was 
immersed  to  circulate  freely  on  all  sides.  To  obtain  a  sufficient 
heat  for  the  experiment,  a  lead-bath  was  used,  the  lead  being 
melted  in  a  steel  vessel  placed  over  a  Fletcher  burner.  Before 
immersing  the  apparatus  in  the  bath,  lire-clay  was  put  on  the 
flanges  of  both  top  and  bottom  and  the  parts  were  tightly  bolted 
together.  About  10  inches  above  the  lid  of  the  apparatus  an 
elbow  was  put  on  both  inlet-  and  outlet-pipes  of  the  reservoir, 
and  the  pipes  were  extended  2  feet  beyond  the  outer  edge  of 
the  steel  vessel  containing  the  lead,  so  as  to  prevent  burning  of 
any  rubber  connections  used.  On  both  of  these  pipes  were 
placed  2  valves,  1  set  being  used  for  shutting  oiF,  and  the  other 
set  for  regulating,  the  current  of  gas  passing  through  the 
reservoir. 

In  order  to  find  the  loss  of  the  various  ores,  etc.,  by  heating, 
^-gramme  of  each  crushed  sample  was  weighed  into  a  porcelain 
combustion-boat  IJ  inches  long,  and,  all  being  placed  in  the 
reservoir,  the  apparatus  was  sealed,  bolted  and  immersed  in  the 
lead-bath,  as  described.  Air,  which  was  passed  through  caustic 
potash  (sp.  gr.  1.27),  pyrogallate  of  potash  and  concentrated 
sulphuric  acid,  was  then  forced  for  three  hours  through  the  ^- 
inch  pipe  leading  into  the  reservoir.  The  pressure  was  obtained 
from  an  ordinary  laboratory  blast-lamp  connected  with  the  cold- 
blast  main  of  the  furnace.  In  the  lead-bath,  zinc  melted  and 
antimony  did  not  even  become  plastic  during  the  entire  heating. 
This  gave  an  almost  constant  temperature  of  about  810°  F. 
After  three  hours'  heating,  the  apparatus  was  taken  from  the 
bath,  closed  by  means  of  the  valves  in  the  ^-inch  pipes  and 
allowed  to  cool.  Upon  weighing,  the  various  ores,  etc.,  showed 
a  loss  per  cent.,  as  indicated  in  Table  II.,  under  "  Lead-Bath 
Results."  It  was  the  intention  to  have  no  carbon  dioxide, 
oxygen  or  water  pass  over  the  samples;  but  the  gain  in  the 
scales,  etc.,  (indicated  by  the  +  mark  in  the  table)  shows  that 
some  oxygen  remained  in  the  air,  probably  due  to  a  saturated 
solution  of  pyrogallate  of  potash.  After  this  heating,  all  the 
ores  except  the  magnetites  tended  toward  the  red  color  of  oxide 
of  iron.  They  did  not  increase  in  bulk;  on  the  contrary,  many 
occupied  less  space  in  the  boats  than  before  heating. 

The    next    experiment  was  with    the    furnace-gases.       Two 
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water-tiglit  barrels  were  used  to  collect  these  gases.  Into  the^ 
head  of  each  barrel  were  put  two  quarter-inch  pipes,  one  ex- 
tending just  within  the  barrel  and  the  other  almost  to  the  bot- 
tom. Xear  the  bottom  of  each  barrel  was  another  pipe,  1  inch 
in  diameter.  Valves  were  placed  on  each  pipe.  These  barrels 
were  filled  with  water  and  taken  to  the  top  of  the  furnace,  and 
gas  was  forced  into  the  barrels  through  the  pipe  extending  just 
within  the  head,  while  the  water  flowed  out  of  the  inch  pipe  at 
the  bottom.  Ha^^ng  been  filled  with  gas,  they  were  taken  into 
the  laboratory.  The  pipe  passing  through  the  head  and  to  the 
bottom  of  each  barrel  was  used  to  admit  water,  thus  forcing 
gas  through  the  other  pipe  in  the  barrel-head,  during  the  ex- 
periment. 

Gases  were  drawn  from  the  furnace  at  10  feet  below  the 
stock-line.  For  this  purpose  a  |-inch  pipe,  22  feet  long,  was 
allowed  to  settle  with  the  stock,  the  gases  being  taken  from  it 
and  collected  in  barrels,  as  described. 

While  taking  the  gases  the  furnace  was  fall  and  showed  10 
pounds  pressure  at  the  tuyeres.  At  the  top  of  the  furnace,  the 
pressure  was  2.35  ounces,  and  at  the  end  of  the  pipe  from  which 
the  gases  were  taken  it  was  10  ounces.  Three  engines  were 
making  17  revolutions  each  per  minute,  representing  27,478 
cubic  feet  of  piston  displacement. 

The  dimensions  of  the  furnace  are:  Bosh,  18  feet;  diameter 
of  bell,  9  feet;  height,  80  feet;  diameter  of  crucible,  11  feet; 
stock-line,  13  feet;  distance  from  nose  to  nose  of  tuyeres,  10 
feet  1  inch. 

There  are  7  6|-inch  tuyeres.  The  capacity  from  tuyere-level 
to  stock-line  is  12,078  cubic  feet. 

For  the  experiment  with  furnace-gases  |  gramme  of  each 
sample  was  weighed  into  a  porcelain  combustion-boat,  and,  as 
in  the  preliminary  heating,  the  boats  were  placed  in  the  re- 
servoir of  the  cast-iron  chest,  the  joints  sealed  and  the  whole 
immersed  in  the  bath  of  molten  lead  (in  which  zinc  melted 
and  antimony  did  not  during  the  entire  heating).  The  gas  in 
the  barrels  was  then  forced  through  the  apparatus,  the  pressure 
being  received  by  means  of  water  flowing  from  an  elevated 
vessel  (a  halt-barrel)  into  the  barrels  holding  gas. 

The  connections  used  were  of  rubber.  The  gases  were 
heated  in  the  |-inch  pipe  by  means  of  a  Bunsen  burner  before  ' 
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entering  the  reservoir  containing  the  ores.  A  wash-bottle  was 
connected  with  the  outlet-pipe  so  as  to  give  back-pressure.  It 
showed  2.94  ounces.  One-eighth-inch  glass  and  rubber  tubing 
was  used  throughout.     The  gases  showed  by  analysis : 

First  barrel.  Second  barrel. 

Per  cent.  I'er  cent. 

CO.,, 7.4  7.8 

CO, 31.0  27.0 

Proportion  of  COj  to  CO,  1  to     .         .         .         .4.19  3.46 

In  this  heating  .340  liters  of  gas  were  passed  over  the  sam- 
ples in  two  and  three-quarter  hours.  The  cast-iron  chest  was 
then  taken  from  the  lead  bath  and  allowed  to  cool  in  a  current 
of  the  gas  used.  At  the  end  of  the  experiment  the  reaction 
was  about  as  prominent  as  at  any  time  during  the  two  and 
three-quarter  hours,  as  is  shown  by  the  following  analysis : 

After  15  min.  After  4-t  min.  After  IJ^hrs.  After2'hrs.  Aftcr23/^  hrs. 
heating. 

Per  cent.         Per  cent.  Per  cent.         Per  cent.       Per  cent. 

CO2,         .         .     10.6                9.8  12.0             13.4            13.0 

CO,         .         .     28.4              26.2  22.0            18.6            18.8 

Proportion,  1  to    2.68              2.67  1.83            1.83            1.45 

The  exjDeriment  was  discontinued  at  this  time  for  lack  of 
gas.  Upon  opening  the  apparatus  after  it  had  cooled  it  was 
found  that  a  number  of  the  ores  had  increased  in  bulk,  and 
had  deposited  so  much  carbon  as  to  almost  completely  fill  the 
porcelain  boat,  a  bulk  equal  to  four  or  five  times  that  of  the 
original  sample.     This  will  be  discussed  later. 

The  porcelain  boats  and  contents  were  then  weighed,  thus 
giving  the  weight  of  ore  and  carbon  deposited  after  treatment 
with  gas.  After  determining  the  carbon  its  weight  was  de- 
ducted from  the  above,  and,  this  result  being  taken  from  the 
original  weight  of  the  sample,  the  loss  during  the  treatment 
with  furnace-gas  was  obtained.  From  this  loss  was  deducted 
the  loss  (in  weight)  in  the  preliminary  heating,  thus  giving  the 
weight  of  oxygen  lost  for  J  gramme  of  sample  used.  The  per- 
centage of  oxygen  lost  was  then  calculated,  based  on  its  com- 
bination with  metallic  iron. 

The  carbon  was  determined  by  combustion  in  the  usual  way, 
all  precautions  being  taken  to  purify  the  oxygen  used  and  to 
convert  any  CO  evolved  into  COj.     For  absorluns;  the  CO.^  two 
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Goisslor  bulbs  were  used  instead  of  one.  In  this  wav  any  satu- 
ration of  the  first  bulb  was  noticed  in  time  to  prevent  loss  of 
CO2,  the  second  bulb  taking  up  what  passed  through  the  first. 
The  KOH  in  both  bulbs  was  changed  as  soon  as  the  carbonates 
began  to  separate  in  the  first  bulb. 

The  carbon  deposited  was  very  spongy  and  easily  burned, 
twenty  minutes  being  sufHcient  to  burn,  in  a  porcelain  tube,  as 
much  as  0.18  gramme.  Xearly  all  the  ores,  after  being  taken 
from  the  combustion-tube,  showed  a  material  increase  in  bulk, 
some  occupying  several  times  the  space  of  the  original  sample. 
The  scales,  cinders  and  magnetites  did  not  change  in  volume. 
No.  21  occupied  less  space  after  treatment  than  before. 

It  was  noticed  that  the  ores  which  deposited  the  most  car- 
bon increased  most  in  volume,  probably  because  of  the  carbon 
splitting  up  the  particles  and  rendering  them  spongy.  The 
amount  of  carbon  deposited  seems,  however,  to  bear  no  rela- 
tion to  oxygen  lost,  as  will  be  seen  in  Table  II. 

It  may  be  well  to  say  here  that  position  in  the  reservoir  had 
no  bearing  upon  oxygen  lost  or  carbon  deposited,  since  several 
of  the  ores  depositing  most  carbon  Avere  placed  near  the  cir- 
cumference of  the  reservoir  and  at  right  angles  to  a  line  pass- 
ing through  the  outlet-  and  inlet-pipes.  No.  30  occupied  a 
similar  position,  yet  it  lost  more  oxygen  than  any  other  sample. 
In  the  experiments  three  samples  of  No.  26  were  used,  prin- 
cipally because  of  the  difficulty  in  always  obtaining  exactly  the 
same  conditions,  thus  giving  a  standard  for  any  future  treat- 
ment. The  sample  crushed  through  a  100-mesh  sieve  was  an 
average  of  the  ore,  while  the  other  two  were  taken  from  a 
hand-sample  selected  for  its  unformity  and  density.  The  three 
samples  were  placed  side  by  side  as  near  the  center  of  the 
reservoir  as  possible,  being  subjected  to  practically  the  same 
treatment.  All  of  these  samples  increased  to  about  twice  their 
original  volume.  They  were  also  found  to  be  decidedly  spongy, 
although  No.  26  is  a  dense,  massive  ore.  The  pieces  of  the 
coarsest  sample  (through  ^  on  20)  were  spongy  on  the  outside, 
but  contained  small,  hard  grains  in  the  centre,  most  of  which 
passed  through  a  60-mesh  sieve. 

The  otlier  two  samples  were  spongy  throughout.     This  would 
indicate  that  the  action  was  first  upon  the  outside  of  the  sample- 
By  referring  to  the  column  "  Loss  per  cent,  in  Oxygen,"  in 
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Table  IL,  it  will  be  seen  that  the  size  of  the  grains  bears  very 
little  relation  to  the  oxygen  lost,  inasmuch  as  the  coarsest  sam- 
ple of  !N'o.  26  lost  as  much  oxygen  as  the  finest.  This  will 
make  future  experiments  easier,  as  the  sieving  and  classifica- 
tion of  ores  according  to  size  is  a  very  long  and  tedious  opera- 
tion. 

In  the  amount  of  oxygen  lost  no  distinct  line  can  be  drawn 
either  as  to  class  of  ore,  size  or  physical  appearance,  except  in 
the  case  of  magnetics,  few  of  which  lost  any  oxygen,  several 
losing  none.  The  hematites  seem  more  easily  reduced  than  the 
specular  ores,  yet  Ko.  33,  an  almost  perfect  type  of  a  specular 
ore,  lost  24.84  per  cent,  of  its  oxygen,  which  is  above  the 
average  lost  by  the  hematites.  ISTos.  26  and  28  are  both  dense, 
massive  hematites  of  about  the  same  chemical  composition  and 
specific  gra^^ty,  yet  I^o.  26  became  quite  spongy,  deposited 
about  eight  times  as  much  carbon  and  lost  twice  as  much  of  its 
oxygen  as  l^o.  28. 

The  preliminary  sieving  of  the  ores  was  purely  experimental, 
as  nothing  definite  was  known  regarding  the  effect  of  the  size 
of  the  grains  upon  the  amount  of  the  oxygen  lost.  It  was, 
however,  thought  that  the  finest  ores  would  reduce  easier  than 
the  coarsest  ones.  Reference  to  Table  II.  will  show  that  this 
was  not  the  case. 

The  writer  wishes  to  acknowledge  many  valuable  suggestions 
made  by  Mr.  F.  E.  Bachman,  manager  of  the  Buffalo  Furnace 
Company. 


Excentric  Jig,  with   Adjustable  and  Automatic  Lower  Dis- 
charge Arranged  for  the  Full  Width  of  the  Bed  and  for 
One  or  More  Compartments. 

BY  EDGAR  G.  TUTTLE,  NEWARK,  N.  J. 

(Colorado  Meeting,  September,  1896.) 

The  accompanying  figures  show  the  arrangement  of  a  two- 
compartment  excentric  Jig  fitted  with  adjustable  and  automatic 
discharges  for  drawing  off'  the  lower  product  obtained  in  jig- 
ging minerals,  ores,  coal,  etc.,  which  is  designed  to  remove  or 
separate  more  effectively  the  materials  treated,  as  they  travel 
over  the  jig  from  the  receiving-  to  the  discharge-points. 
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The  discharge-box  is  constructed  to  extend  across  the  width 
of  the  jig  at  right-angles  to  the  direction  of  the  movement  of 
the  material  over  the  jig-sieve,  and  to  intercept  at  suitable 
points  the  path  of  the  material  and  remove  such  of  the  lower 
product  as  has  become  separated,  allowing  the  remaining  ma- 
terial to  continue  on  its  passage  to  the  next,  and  so  on  to  the 
final  overflow-  or  discharge-end. 

Thus  the  discharges  are  more  directly  presented  to  the  lower 
product,  for  receiving  and  removing  it,  than  in  the  case  of  small 
discharge-boxes  located  at  the  center  or  side  of  the  bed,  or  at 
the  middle  of  the  overflow-end ;  which  arrangements  require 
the  lower  product  to  follow  a  circuitous  path  before  arriving  at 
the  discharge,  thus  consuming  more  time  to  effect  a  separation 
and  lessening  the  capacity  of  the  jig,  or  else  permitting  the 
material  to  pass  beyond  the  discharges  and  out  at  the  overflow 
without  being  separated  from  the  upper  product. 

With  jigs  of  a  single  compartment  the  wide  lower  discharge- 
box  can  be  readily  placed  directly  below  the  point  where  the 
upper  product  overflows  from  the  jig ;  but  in  jigs  of  two  or 
more  compartments,  the  arrangement  is  usually  a  small  dis- 
charge-box 3  inches  square,  more  or  less,  or  of  other  shape, 
located  at  the  sides  or  in  other  positions  of  each  compartment, 
as  explained. 

The  arrangement  shown  in  Figs.  1  and  2  permits  of  the  in- 
troduction of  an  automatic  and  adjustable  lower  discharge  at 
the  end  of  each  compartment  of  a  jig,  and  can  be  applied  to  jigs 
with  any  number  of  compartments. 

The  construction  and  working  of  the  jig  fitted  with  a  wide 
discharge-box  is  the  same  as  that  of  other  jigs,  and  the  method 
of  drawing  off  the  lower  product  is  similar,  except  as  to  the 
arrangement  of  the  discharge. 

The  jig  shown  has  tw^o  compartments,  each  consisting  of  two 
parts,  in  one  of  which  is  the  jig-frame,  K,  and  screen,  L.  The 
other  part  contains  the  plunger.  A,  operated  through  the  rods,  B, 
by  the  double  adjustable  excentric,  C,  on  the  shaft,  D,  which  is 
driven  bv  the  pulley,  E,  by  the  side  of  which  is  the  loose  pul- 
ley, F. 

With  each  revolution  of  the  shaft,  pulley  and  excentric  the 
plunger  makes  a  down-  and  then  an  up-stroke. 

The  jig  is  filled  with  water  to  the  level  of  the  overflow,  J  J, 
and  the  supply  is  regulated  through  the  pipe  by  the  valve,  N. 
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The  material  to  be  jigged  is  fed  upon  the  jig-bed  through  the 
spout,  G,  and  hopper,  M. 

The  motion  of  the  plunger  is  communicated  through  the 
water  in  the  box,  or  compartment,  H,  to  the  jig-bed,  as  in  the 
usual  process  of  jigging,  thus  tending  to  lift  the  specifically 
lighter  particles  up  to  the  upper  horizon  of  the  layer  of  material 
on  the  jig-bed,  while  the  heavier  particles  are  not  lifted  as  high, 
-and  remain  nearer  the  bottom  of  the  bed. 

The  particles  thus  treated,  while  travelling  across  the  jig-bed 


Plan. 
Excentric  Jig. 

from  the  receiving-  or  hopper-end,  will  have  arranged  themselves 
so  that  upon  arriving  at  the  overflows  and  discharges  at  the  end 
of  each  compartment,  the  particles  of  less  density  will  be  found, 
to  a  greater  or  less  extent,  nearer  the  top,  while  the  denser  par- 
ticles ^^^ll  form  the  bottom  layer  of  the  bed,  or  the  lower  pro- 
duct, which  is  then  in  readiness  to  be  drawn  ofi:'  at  the  lower 
discharge  as  follows : 

The  material,  after  travelling  the  length  of  the  first  compart- 
ment, I,  arrives  at  the  discharge-box,  «,  extending  across  the 
width  of  the  jig-bed.  The  top  of  this  box  is  about  level  with 
the  height  of  the  overflow,  0,to  the  next  compartment,  which, 
in  this  case,  is  5|  inches  above  the  jig-sieve,  L. 
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This  box  is  made  of  perforated  sheet-iron,  so  that  the  pulsating 
and  suction-action  of  the  water  can  be  transmitted  through  it 
to  the  material  in  passing  towards  and  over  the  upper-product 
overflow,  O.  Thus  the  jigging-action  is  not  interrupted  on  any 
part  of  the  jig-frame. 

The  bottom  of  this  discharge-box,  b,  is  at  a  distance  above  the 
jig-screen,  which  should  be  a  little  greater  than  the  size  of  the 
particles  treated. 

The  height  of  the  lower  product  under-flow,  h^  above  the 
screen  can  be  regulated  by  the  imder-flow  gate,  c,  and  will 
always  be  a  little  less  than  the  height  of  the  lower  product 
overflow-dam,  d,  above  the  screen,  which  latter  can  be  regulated 
to  more  or  less  than  2  inches  by  the  adjustable  dam,  e.  This 
height  will  also  depend  upon  the  thickness  of  the  lower-product 
bed  which  it  may  be  necessary  to  maintain  on  the  jig-sieve. 

The  lower  product  entering  the  discharge-box,  a,  under  the 
gate,  c,  may  then  be  discharged  continuously  over  the  dam,  e,  or 
intermittently  by  opening  and  closing  the  overflow-gate,/,  which 
is  made  of  shee1>iron  or  grating  and  opened  by  being  screwed 
down  by  the  rods,  g,  which  are  moved  by  the  pinion-wheels,  A, 
connected  with  the  chain,  f,  and  operated  by  the  hand-brake,  j, 
so  that  the  gate  is  moved  uniformly  up  and  down  at  both 
ends. 

The  lower  product  flows  over  the  dam,  e,  and  passes  through 
an  opening  made  in  the  partition,  P,  between  the  compartments 
of  the  jig,  and  of  the  width  of  the  jig-l^ed. 

The  material  falls  into  the  lower-product  accumulating-box, 
Q,  the  bottom  of  which  slopes  towards  the  outer  side  of  the 
jig.  The  length  of  this  box  extends  across  the  width  of  the 
jig-bed,  and  its  width  occupies  about  4  or  5  inches  of  the  length 
of  the  compartment  adjoining  the  one  from  which  the  lower 
product  is  drawn  oft". 

The  box  extends  below  the  top  of  the  jig-screen,  which  is  cut 
away  for  its  insertion ;  but  the  jigging  action  to  the  material 
passing  over  it  from  the  previous  compartment  is  not  inter- 
rupted in  the  space  it  occupies,  as  the  top  of  the  box,  k,  as  well 
as  the  lower  part  of  the  box,  ?,  are  made  of  perforated  metal, 
for  the  transmission  of  the  water-currents. 

The  lower  product  can  thus  l)e  allowed  to  accumulate  in  the 
box,  Q,  if  it  does  not  collect  too  fast,  and  discharged  intermit- 
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tently  by  the  g'ate,  m,  operated  by  the  rod,  n,  into  the  storage- 
box,  R,  which  is  water-tiglit,  extends  above  the  level  of  the 
water  in  the  jig  and  is  open  at  the  top. 

If  the  lower  product  collects  too  rapidly  the  overflow-gate, 
/,  and  gate,  m,  can  be  kept  open,  and  the  material  allowed  to 
discharge  continuously  into  the  storage-box,  R.  From  this  box 
the  lower  product  is  discharged  by  the  water-tight  gate,  o,  raised 
by  the  rod,p,  into  the  sluice-boxes  or  other  receptacle  and  con- 
veyed to  the  point  desired. 

This  arrangement  of  the  lower-product  discharge,  its  under- 
flow and  ovei'flow  gates  and  dams,  and  accumulating-box  can 
be  introduced  as  many  times  as  there  are  compartments  to  the 
jig,  the  material  from  each  discharging  into  a  separate  storage- 
box,  R,  or  the  material  from  each  compartment  can  all  be  dis- 
charged into  one  storage-box. 

At  the  flnal  compartment  the  drawing-ofl:'  of  the  lower  pro- 
duct is  accomplished  somewhat  differently. 

A  discharge-box,  a'  «',  similar  to  that  already  described,  is 
arranged,  as  shown,  a  little  back  of  and  below  the  final  point 
of  discharge,  where  the  upper  product  passes  from  the  jig  by 
the  overflow,  S,  over  the  apron-chute,  T,  to  the  sluice-box,  U,  or 
other  point  of  delivery. 

The  passage  of  the  material  into  the  discharge-box,  a'  a',  and 
the  arrangement  of  its  parts,  b',  c',  d',  e',f',g',  A',  ?"',/,  are  simi- 
lar to  those  already  described. 

The  material  after  passing  over  the  overflow,  d,  falls  into  a 
box,  V,  which  is  outside  of  the  jig-bed,  and  not  subject  to  the 
jigging-actiou  of  the  water  as  in  the  former  case,  where  the 
material  overflows  into  the  adjoining  compartment  of  the  jig. 

The  bottom,  W,  of  the  box,  V,  slopes  similarly  to  the  box,  Q, 
although  it  is  of  ditferent  dimensions.  The  box,  V,  is  below  the 
overflow-apron,  T,  of  the  upper  product,  and  connects  with  the 
boxes,  X,  X,  X,  X.  These  are  made  water-tight,  and  outside  of 
the  area  occupied  by  the  apron,  T,  they  extend  above  the  Avater- 
level  of  the  jig  and  are  open  at  the  top. 

The  lower  product  discharging  into  the  box,  V,  is  discharged 
by  the  water-tight  gate,  Y,  into  the  storage-box,  Z,  from  which 
it  is  tapped  from  time  to  time,  as  desired,  into  a  sluice-box,  or 
otherwise  conveyed  to  the  desired  point. 

The   perforated  metal  -of  the  discharge-boxes  has  holes  of 
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about  the  same  mesli  as  the  screen,  L,  of  the  jig-bed,  or  some- 
what smaller  in  size  than  the  size  of  the  material  treated. 

The  material  resulting  from  abrasion  of  the  particles  rub- 
bing together  on  the  jig-bed,  and  from  other  sources,  which  is 
too  small  to  be  maintained  on  the  jig-screen,  falls  through  to 
the  bottom  of  the  box  and  is  discharged  bj  a  valve  at  the  hole, 
q.  The  valve  consists  of  a  flat  piece,  r,  making  a  close  rub- 
bing surface  with  the  plate,  5,  hinged  at  t,  and  sliding  in  a  bear- 
ing, u.  The  rod,  i\  is  connected  to  the  end,  w,  of  the  valve, 
and  by  pulling  or  pushing  the  rod  the  valve  is  made  to  close  or 
open  the  hole,  g,  thus  checking  or  allowing  the  escape  of  the 
fines  collected  in  the  bottom  of  the  box. 


Middle-Product  Jig. 


With  Adjustable  and  Automatic  Discharges  for   the 
Middle  and  Lower  Products, 

BY  EDGAR   G.  TUTTLE,  NEWARK,  N.  J. 

(Colorado  Meeting,  September,  1896.) 

The  accompanying  figures  show  a  jig  arranged  for  separat- 
ing the  middle  product  or  middlings  obtained  in  the  concentra- 
tion of  certain  ores,  minerals,  coal,  etc. 

In  the  preparation  for  sizing,  prior  to  jigging,  of  ore-bearing 
minerals,  coal,  etc.,  with  their  impurities,  it  is  generally  desira- 
ble to  avoid  reducing  them  to  unnecessarily  small  sizes. 
AVhere  the  impurities  adhere  to  the  mineral  particles  or  are 
disseminated  through  its  mass,  it  is  generally  necessary  to 
crush  to  such  a  fineness  as  Avill  unlock  the  minerals  from  the 
gangue. 

If  a  considerable  proportion  of  the  material  consists  of  mix- 
tures of  the  minerals  and  gangue,  each  in  large  size,  and  a 
lesser  proportion  consists  of  a  mixture  of  the  two,  in  smaller 
sizes  of  various  dimensions,  it  is  not  always  desirable  to  reduce 
the  whole  to  such  size  as  would  be  required  to  liberate  com- 
pletely the  pieces  of  ore  and  gangue  in  the  finest  mixtures.  In 
such  a  case  it  is  preferable  to  reduce  all  the  material  to  such  an 
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average  size  as  will  eonipletely  unlock  from  the  gaiigue  a  larger 
percentage  of  grains  of  ore,  leaving  a  proportion  of  grains  com- 
posed of  ])art  ore  and  part  gangue,  not  too  large  to  be  readily 
treated  and  obtained  as  a  middle  product  from  the  jig.  When 
the  proportion  of  such  middlings  becomes  too  large,  a  some- 
what finer  reduction  of  the  material  at  the  start  is  required. 

An  output  reduced  as  above  and  then  separated  in  sizes  is 
ready  for  treatment,  each  size  separately,  on  a  middle-product 
jig.  What  percentage  of  middle  product  will  result  in  the  va- 
rious sizes,  from  the  largest  down,  will  depend  considerably 
upon  the  material  and  the  extent  of  reduction  and  sizing. 

The  construction  and  operation  of  the  jig  used  for  this  pur- 
pose is  similar  to  that  of  other  jigs  with  the  exception  of  the 
arrangement  of  the  discharging  at  overflows  and  gates  and  the 
method  of  gathering  the  products. 

The  jig  consists  of  one  compartment,  in  one  part  of  which 
is  the  jig-frame,  K,  and  screen,  L,  and  in  the  other  part  the 
plunger,  A,  which  is  operated  through  the  rods,  B,  stems,  C, 
and  shaft,  D.  To  one  end  of  this  shaft  is  attached  the  slide- 
yoke  or  crank-arm,  E.  This  is  operated  by  the  driven-pulley, 
F,  through  the  shaft,  G,  and  crank-disk,  H,  on  which  is  the 
pin,  I,  fitted  into  brasses  sliding  in  the  slide-yoke.  With  each 
revolution  of  the  crank-disk  the  arm  of  the  slide-yoke  is  moved 
slowly  upward  and  then  rapidly  downward,  thus  producing  a 
quick  down-stroke  and  a  long,  slow  return  of  the  plunger. 

This  motion  is  best  for  jigging  mixed  sizes.  For  closely- 
sized  products  the  excentric  stroke  can  be  used,  or  such  other 
as  may  be  required  to  suit  the  circumstances. 

The  jig  is  filled  with  water  to  the  level,  J  J,  the  supply  of 
water  being  kept  up  from  the  faucet,  N.  The  material  to  be 
jigged  is  fed  through  the  hopper,  M. 

With  each  down-stroke  of  the  plunger  the  short,  quick  pul- 
sion of  the  water  is  communicated  to  the  material  on  the  jig- 
bed,  causing  the  specifically  lighter  particles  to  rise  higher 
tlian  the  specifically  heavier  of  the  same  size,  and  with  each 
return  motion  of  the  plvmger  the  particles  are  allowed  to 
settle  slowly,  the  heavier  one  falling  more  rapidly  towards 
the  bottom,  while  the  lighter  ones,  not  falling  so  fast,  remain 
nearer  the  top. 

Thus  the  particles  are  treated  in  travelling  across  the  jig-bed 
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from  the  receiving-  or  hopper-end,  and  hy  the  time  they  have 
arrived  at  the  opposite  or  discharge-end  a  separation  has  been 
effected,  and  the  mineral  of  less  density  is  found  in  the  top 
layer,  Avhile  the  denser  mineral  forms  the  bottom  layer  of  the 
bed. 

Particles  consisting  of  a  mixture  of  ore  and  gangue,  and  thus 
having  an  intermediate  specific  gravity,  will  settle  as  middlings 
in  a  horizon  between  the  upper  layer  of  the  lighter  mineral 
and  the  lower  layer  of  the  heavier  mineral.     This  product  is 


Fig.  1. 


Plan  and  Section. 

Middle    Product   jig. 

Scale  1  in.  =  2  feel. 


then  in  position  to  be  drawn  off,  at  the  middle  product  dis- 
charge, as  follows : 

The  frame,  a  a,  extending  across  the  jig-bed,  forms  the  sup- 
port for  the  various  dams,  gates  and  overflows  for  each  product 
which  extend  across  the  full  width  of  the  jig,  so  as  to  avoid  the 
small,  narrow,  and  frequently  ineffective,  discharges  generally 
used  in  small  jigs.  This  frame  fits  closely  in  position  within 
the  jig-lining  and  is  readily  removed  for  repairs  or  adjustment. 

The  lower  layer  of  material  on  the  jig-bed  flows  over  the 
dam,  h  b,  into  the  compartment,  O. 
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This  (lam  extends  across  the  full  width  of  the  jig,  and,  being 
adjustable,  can  be  raised  or  lowered,  so  as  to  make  the  height  of 
the  top  of  the  overflow  more  or  less  than  2  inches.  A  gate,  c, 
extending  across  the  width  of  the  jig,  can  be  closed  down  onto 
the  jig  by  the  rods,  (/,  and  lever,  e.     This  gate   may  be  kept 
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Side  Elevation  and  Section. 

Middle    product   Jig. 

Scale  1  in.=  2fcet. 


closed  and  opened  intermittently  for  the  discharge ;  or  it  may 
be  left  open  if  a  continuous  discharge  is  desired,  which  may 
have  to  be  regulated  with  a  greater  or  less  opening,  depending 
upon  the  rate  of  accumulation  of  the  material  of  the  lower 
horizon,  and  the  amount  of  bed  of  this  material  maintained  on 
the  jig. 
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The  height  of  the  middle-product  overflow,  /,  will  depend 
upon  the  height  of  this  lower  bed.  With  any  increase  in  the 
height  of  the  overflow,  it  is  necessary  to  raise  the  middle-pro- 
duct gate,  g.     This  is  accomplished  as  follows  : 

A  piece  of  sheet-iron,  A,  forming  the  front-support  for  the 


Fig.  3. 
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Middle    product  jig. 
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gate,  extends  across  the  width  of  the  jig,  and  is  bent  at  the  two 
ends  to  form  the  wings,  i.  A  piece  of  sheet-iron,  J,  connecting 
the  wings  at  the  rear,  forms  the  back  support  for  the  gate. 

The  gate,  </,  is  made  with  the  slots  running  in  the  direction  of 
its  width,  or  else  made  of  wires  or  small-sized  flat  iron  so  as  to 
form  an  open  grate  through  which  the  water-currents  of  the  jig 
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are  free  to  operate,  but  not  large  enough  to  let  the  particles 
pass  through. 

These  grate-hars  are  fitted  into  openings  in  the  front  and 
back  plates,  h  and  ;',  to  form  guides  for  the  gate. 

To  the  back  of  the  wings,  z,  lugs  are  connected  at  the  top  and 
bottom,  which  fit  into  a  groove  in  the  frame,  a  a.  The  rods,  k, 
extend  down  through  holes  in  the  frame  to  the  lugs,  in  which 
they  are  free  to  revolve,  but  are  connected  to  them  so  that  the 
wings  w^ith  the  middle-product  gate  and  its  support  can  all  be 
raised  or  lowered  by  the  screwing  of  the  rods,  k,  up  or  down  in 
the  nuts,  /. 

At  the  top  of  the  rods,  Zr,  are  pinions,  7W,  which  are  connected 
Avitli  a  chain  across  the  jig  so  that  the  adjustment  of  the  gate 
and  its  supports  will  be  the  same  at  both  ends. 

The  middle-product  gate,  g,  and  overflow  dam,  /,  are  thus 
raised  the  desired  extent,  which,  as  already  observed,  will  vary 
with  the  size  of  the  material  treated  and  the  depth  of  bed  nec- 
essary for  this  product,  as  well  as  that  necessary  for  the  product 
of  the  upper  layer ;  and  also  with  the  rapidity  with  which  the 
material  may  accumulate. 

The  middle-product  discharge  may  be  made  automatic  and 
continuous  by  leaving  the  gate  open ;  or  if  the  conditions  are 
such  as  to  require  an  intermittent  discharge,  this  may  be  ob- 
tained by  occasionally  opening  the  gate. 

The  gate  is  operated  by  the  lever,  n,  w^hich  rotates  the  shaft, 
0,  which  in  turn  throws  the  arms,  p,  opening  and  closing  the 
gate. 

The  material  of  the  upper  horizon  of  the  jig-bed  overflow's 
the  dam,  q,  which  is  also  adjustable  and  can  be  raised  or  low- 
ered as  may  be  necessary,  to  increase  or  diminish  the  height  of 
the  bed. 

The  parts,  r  and  5,  are  of  sheet-iron  and  bent  so  as  to  form 
the  chutes  for  the  overflowing  middle  product  and  the  upper 
product  respectively.  These  are  stationary  parts  of  the  frame, 
a  a,  and  can  be  connected  with  and  disconnected  from  the  sheet- 
iron,  t  and  u. 

The  former  product  is  thus  conveyed  to  the  compartment,  P, 
and  the  latter  to  the  trough,  Q,  whence  it  is  conveyed  to  the 
place  of  disposal. 

The  parts,  ?%  5,  t  and  u,  are  fastened  securely  to  the  jig-lining, 
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R,  S  and  T,  at  intervals  across  the  jig-overflows,  so  as  to  stand 
the  pressure  from  the  force  of  the  water  which  fills  the  jig  and 
compartments,  U  and  V,  up  to  the  level  of  the  upper  product 
dam,  and  also  the  compartments  O  and  P,  up  to  the  sheet-iron 
chutes,  t,  r,  u  and  s. 

The  middle  product,  after  passing  out  of  the  jig-bed  and  over 
the  dam,/,  slides  over  the  sheet-iron,  r  and  t,  into  the  compart- 
ment, P,  where  it  falls  on  a  chute,  W,  and  passes  to  the  eleva- 
tor, X,  in  the  compartment,  U, 

Similarly,  the  product  at  the  bottom  of  the  jig-bed  passes 
over  the  dam,  6,  and  falls  upon  a  chute,  W,  in  the  compart- 
ment, O,  whence  it  passes  to  the  elevator,  Y,  in  the  compart- 
ment, V. 

The  elevators,  X  and  Y,  are  fitted  w^th  perforated  buckets 
and  lift  the  two  products  from  the  compartments,  IT  and  Y, 
above  the  level  of  the  water,  J  J.  The  material  is  thus  drained 
and  discharged  at  the  elevator-heads. 

The  elevator-buckets  are  fitted  on  a  sprocket-chain,  oper- 
ated by  6-inch  sprocket-wheels  on  the  shaft,  Z,  at  one  end  of 
which  is  a  bevel-gear,  x,  12  inches  in  diameter,  driven  by  a 
6-inch  bevel-gear,  y,  fitted  on  the  shaft,  G. 

The  side  of  the  elevator-compartment,  z,  is  bolted  to  the 
frame-work  of  the  jig  and  is  readily  removable  for  access  to  the 
foot  of  the  elevators  in  case  of  repairs. 

The  fines  falling  through  the  jig-screen  are  drawn  oiF  inter- 
mittently by  the  gate-valve  at  A',  which  is  opened  and  closed 
by  the  lever,  C,  through  the  rod,  B'. 

The  jig  here  shown  is  of  wood.  The  arrangement  for  draw- 
ing oiF  the  difl^erent  products  can  be  equally  well-fitted  to  a  jig 
made  of  iron.  The  jig-bed  and  plunger  are  each  3  feet  square. 
These  may  vary  in  dimensions  and  may  be  equal  or  unequal  in 
area. 


Gold  in  Granite  and  Plutonic  Rocks. 

BY   WnjJAM    p.    BLAKE,    TUCSON,    ARIZONA. 
(Colorado  Meeting,  September,  189C.) 

A  RECENT  paper  by  Prof  George  P.  Morrill,  Curator  of  the 
Department  of  Geology  of  the  U.  S.  National  Museum,  Wash- 
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intjton,  upon  "  An  Occurrence  of  Free  Gold  in  Granite,"'*  de- 
ticribes  an  interesting  instance  of  the  dissemination  of  this  noble 
metal  in  the  substance  of  granite  of  normal  composition  be- 
lieved to  be  from  Sonora,  Mexico.  He  found  the  gold  in  small 
scales,  rarelj  exceeding  a  millimeter  in  diameter,  distributed 
through  the  scales  of  mica  and  apparently  enclosed  in  both  tlu; 
feldspar  and  quartz  granules.  A  number  of  thin  sections  of 
the  rock  submitted  to  examination  with  the  aid  of  the  micro- 
scope gave  contirmatory  evidence.  Sulphides  were  not  de- 
tected, nor  any  indication  of  a  secondary  impregnation,  though 
the  granite  had  undergone  some  alteration,  apparently  by 
weathering,  ^ir.  Merrill  concludes  that  "  there  is  apparently 
no  way  of  accounting  for  the  gold  other,than  by  considering  it 
an  original  constituent  of  the  rock,  a  product  of  cooling  and 
crystallization  from  the  original  magma." 

We  thus  have  another  link  in  the  chain  of  evidence  showing 
that  gold  is  a  constituent  of  granite  and  of  plutonic  rocks,  and 
that  such  crystalline  rocks  may  be  the  primal  source  of  the  gold, 
which  is  concentrated  in  veins. 

We  do  not,  ht>wever,  overlook  the  fact  that  the  oceans  may 
have  contributed  a  portion  of  their  dissolved  gold  to  the  sedi- 
mentary rocks,  such  as  the  slates,  raagnesian  or  otherwise,  ot 
diii'erent  geological  epochs ;  such  slates  being  generally  known 
to  us  as  the  country,  or  wall-rocks,  of  most  of  the  auriferous 
quartz-veins,  especially  of  the  central  gold-region  of  California. 

As  investigation  progresses,  and  our  knowledge  is  increased, 
it  becomes  more  and  more  evident  that  such  pyritous  sediments 
derived  their  metallic  contents  from  the  waters  of  the  ocean  at 
the  time  of  their  sedimentation,  through  the  reducing  agency  of 
organic  matters,  or  the  exhalation  of  sulphuretted  or  carburetted 
gases,  as,  for  example,  from  the  petroleum  shales. f 

We  encounter  here  the  difficulty  that  gold  is  not  uniformly 
present  in  pyritous  deposits,  as  we  might  expect  considering 
the  universality  of  the  oceanic  source,  and  the  general  distribu- 
tion of  gold  in  this  menstruum.  But  before  we  can  generalize 
satisfactorily  we  require  much  more  evidence  regarding  the 
dissemination  of  gold  in  the  mass  of  the  various  kinds  of  rocks, 

*  American  Joar.  Science  (iv. ),  i.,  309,  April,  189o. 

t  See  my  remarks  on  the  "  Lead-  and  Zinc-Deposits  of  the  Mississippi  Valley," 
Trans.,  xxii.,  (521,  629  and  630. 


292  GOLD    IN    GRANITE    AND    PLUTONIC    ROCKS. 

independently  of  veins.  Examples  of  the  nature  cited  by  Prof. 
Merrill  are  thus  of  great  importance,  not  only  in  themselves, 
as  bearing  upon  the  question  of  the  origin  and  distribution  of 
gold,  but  as  tending  to  stimulate  observation,  inquiry  and  dis- 
cussion. Prof.  Merrill  refers  to  the  description  by  J.  B.  Jaquet 
of  an  occurrence  of  free-gold  in  microcline  in  a  rock  consisting 
essentially  of  microcline  and  quartz  impregnated  with  hema- 
tite,* and,  also,  to  the  occurrence  of  free  gold  in  glass-like  and 
crystalline  varieties  of  a  quartz-trachyte,  in  Chili,  S.  A.,  as  de- 
scribed by  Moricke.f 

It  is  only  within  a  few  years  that  the  instances  of  the  occur- 
rence of  gold  in  the  crystalline  rocks  have  multiplied  until  we 
cannot  longer  regard  tjiem  as  exceptional,  or  hold  that  gold,  as 
a  rule,  is  confined  to  the  magnesian  and  argillaceous  slates. 

One  of  the  earliest  cited|  and  best  examples  of  the  occurrence 
of  coarse  free  gold  in  the  midst  of  granite,  seemingly  without 
any  extraneous  origin  by  impregnation  accompanied  by  quartz, 
was  at  the  Armagosa  gold-mines  at  the  sink  of  the  Mojave 
river,  San  Bernardino  county,  California. 

The  native  gold  in  visible  masses  was  there  disseminated  in 
the  midst  of  the  aggregation  of  soda-feldspar  (albite)  and  the 
quartz,  as  if  an  original  constituent  of  the  mass  and  indigenous 
to  the  rock,  which  it  may  have  been.  Pyrites  were  not  present 
in  the  specimens  obtained ;  but  some  fragments  of  white  arsenic 
in  granite  from  the  same  locality  may  be  regarded  as  an  indi- 
cation of  the  former  presence  of  an  arsenide  in  association,  and 
as  possibly  an  impregnation  subsequent  to  the  formation  of  the 
rock.  The  specimens,  unfortunately,  have  been  packed  for  years 
and  are  not  now  accessible.  In  all  eases  of  this  kind  it  is  impor- 
tant to  stud}'  the  rock  in  situ  and  in  mass,  and  to  note  carefully 
all  the  surrounding  conditions.  It  is  not  safe  to  make  deduc- 
tions from  the  phenomena  exhibited  by  isolated  specimens. 

The  influence  of  dikes  of  plutonic  rock  upon  the  mineraliza- 
tion of  veins  with  the  precious  metals,  has  long  been  known 
and  recognized  by  miners. 

If  we  accept  the  theory  of  lateral  secretion  for  the  formation 

*  "Geology  of  the  Broken  Hill  Lode,"  etc.     Memoirs  Geol.  Survey  of  N.  S. 
WaleK,  Australia,  No.  5,  1S9-I. 
t   TKcherm'ik^ s  Min.  u.  Peir.  MiUhell.,  iii.,  1891. 
X  Blake,  California  Minerals,  18'j4.  * 
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of  mineral  veins,  such  veins  bearing  the  precious  metals  are 
perhaps  as  good  evidence  as  we  need  of  the  diffusion  of  gold 
and  silver  in  the  mass  of  the  adjoining  country-rock,  or,  at  least, 
that  solutions  bearing  these  metals  may  traverse  the  rocks  by 
osmosis  or  otherwise.  If  such  evidence  may  be  admitted,  the 
range  of  the  phenomena  and  of  the  evidence  is  widely  extended. 

Some  of  the  most  notable  districts  ih  California  where  gold- 
bearing  veins  traverse  crystalline  rocks  of  the  granite  family 
are  at  Grass  Valley  and  Nevada,  Nevada  county;  also  at 
Forbestown,  Bntte  county ;  Ophir,  Placer  county ;  and  West 
Point,  Calaveras  county.  In  these  localities  the  veins  are 
numerous,  and  appear  to  have  been  formed  from  the  substance 
of  the  country-rock.  In  Mariposa  county,  at  the  southern  end 
of  the  Mariposas  estate,  where  the  slates  of  the  Jura-Trias  age, 
with  their  accompanying  large  "  Mother-Vein,"  give  place  to 
granite,  we  find  a  vein  of  auriferous  quartz  which  may  not  have 
any  relation  in  origin  to  the  vein  in  the  slates,  with  which  tlie 
vein  in  the  granite  contrasts  strongly  in  its  formation  and  in 
the  distribution  of  the  gold.  It  is  known  as  a  "  pocket^vein," 
yielding  the  gold  in  isolated  but  rich  bunches,  and  of  a  higher 
grade  of  fineness  and  less  crystalline  than  the  gold  of  the  Prince- 
ton vein,  which  traverses  the  secondary  slates.  It  would  be  in- 
structive to  determine  the  relative  ages  of  these  adjacent  veins 
and  the  infiuence  of  the  two  dift'erent  kinds  of  country-rock 
upon  the  deposition  of  the  gold.  It  would  be  extremely  in- 
structive if  we  could  find  an  instance  of  a  gold-bearing  vein 
passing  from  one  formation  into  another,  as,  for  example,  from 
slates  into  compact  granite,  so  as  to  exhibit  the  eft'ects  of  change 
of  country-rock,  or  of  the  walls,  upon  the  mineralization  of  the 
vein — eftects  so  strikingly  shown  in  the  lodes  of  Cornwall, 
which  are  copper-bearing  in  the  "  killas  "  and  tin-bearing  in 
the  granite.  It  should  be  mentioned  that  the  tin-lodes  are  wot 
without  some  gold,  being  thus  indicative  of  its  presence  in  the 
granite. 

The  well-defined  granite  rock  of  Butte  and  Walkerville, 
Mont.,*  affords  conspicuous  examples  of  gold-bearing  and  sil- 
ver-bearing veins,  originating  apparently  by  lateral  secretion 

*  For  descriptions,  see  the  papers  of  Mr.  Emmons,  Trans.,  xvi.,  49,  and  of  Mr. 
Brown,  Trans.,  xxiv.,  543. 
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from  the  body  of  the  granite  on  each  side.  The  Rainbow*  and 
Bhie  Bird  lodes  especially  appear  to  have  derived  their  mineral 
and  metallic  contents  from  the  granite  in  much  the  same  way 
as  the  tin-bearing  lodes  are  formed  in  Cornwall,  according  to 
the  investigations  of  Le  Xeve  Foster. 

The  occurrence  of  gold  in  thin  flakes  upon  the  surfaces  and 
in  crevices  of  the  porphyry  at  the  famous  Contention  mine  at 
Tombstone,  Arizona,  has  been  shown  ;t  but  it  is  not  yet  known 
with  certainty  whether  this  gold,  either  in  its  free  state  or  com- 
bined with  disseminated  pyrite,  was  an  original  constituent  of 
the  dike,  or  whether  it  was  derived  from  the  diifused  pyrites 
of  the  stratified  beds  traversed  by  the  dike.  So  far  as  regards 
the  plainly  \isible  gold,  it  appears  to  be  confined  to  the  partly 
decomposed  portions  of  the  porphyry  dike,  at  or  near  the 
contact  A\-ith  the  other  rocks,  and  to  be  a  secondary  or  late 
deposition  and  not  indigenous. 

The  mines  of  the  Homestake  group  in  the  Black  Hills  of 
Dakota  aftbrd  a  good  example  of  the  occurrence  of  gold  in 
ancient  crystalline  gneiss  or  granitic  schists  of  pre-Cambrian 
age.  These  schists  are  much  plicated  and  are  traversed  by 
felsitic  dikes,  distinctly  intrusive.  Whether  these  are  aurifer- 
ous or  not  remains  to  be  ascertained,  and  without  a  careful  ex- 
amination it  is  not  possible  to  state  the  source  of  the  gold, 
whether  indigenous  to  the  schists  or  introduced  from  the  dikes 
or  wdth  quartz-veins  from  remote  sources.  The  rock  for  the 
stamp-mills  is  quarried,  rather  than  mined  in  the  manner  usual 
with  veins,  and  the  rock  is  milled,  together  with  any  veins 
traversing  it. 

The  ore  of  the  Treadwell  mine,  Alaska,  is  described  by 
Adams  and  Dawson;{:  as  a  hornblende-granite,  "  much  crushed, 
altered,  and  impregnated  with  secondary  quartz,  calcite,  and 
pyrite."     The  pyrite  contains  the  gold. 

In  the  gold-bearing  region  of  Xorthern  Sonora,  Mexico,  the 
gold-veins  are  chiefly  in  or  closely  associated  with  granitic  and 
plutonic  rocks.  The  veins  of  El  Grupo  concession,  about  100 
miles  southeast  of  Tucson,  Arizona,  traverse  a  fine-grained 
granite,  and  bear  both  gold  and  silver.     A  dioritic  rock  at  El 

*  See  the  writer's  paper  on  the  Rainhow  lode,  Trans.,  xvi.,  65. 

t  Trails.,  X.,  340. 

X  American  Geolccjist,  August,  1889.     Cited  also  by  Merrill. 
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Plomo,  ill  the  same  State,  appears  to  lie  especially  favorable  to 
the  occurrence  of  gold.  At  the  San  Francisco  mines,  100  miles 
southwest  of  Gila  Bend,  Arizona,  gold-bearing  quartz-veins 
traverse  Huronian  or  pre-Cambrian  gneiss  near  or  at  the  con- 
tact with  a  great  dike  of  diorite  on  one  side  and  of  porphyritic 
granite  on  the  other.  El  Campana,  a  .large  quartz-vein,  also  in 
Sonora,  is  at  the  contact  between  an  obscurely  defined  felsitic 
rock,  like  granite,  on  one  side,  and  a  heavily-bedded  quartzite 
(probably  Cambrian)  on  the  other. 

In  Central  and  JSTorthern  Arizona  gold-bearing  veins  are 
found  in  granite.  The  famous  Congress  vein  now  worked  to 
a  depth  of  some  hundreds  of  feet,  traverses  granitic  rock  in 
close  association  with  a  dike  of  plutonic  rock.  North  of  Indio, 
on  the  Colorado  desert,  California,  in  the  second  range  of 
mountains,  a  ridge  of  granite  contains  irregularly  spread  patches 
or  bunches  of  pyrite  which,  by  decomposition,  liberate  a  small 
amount  of  gold.  This  pyrite  does  not  appear  to  be  connected 
with  any  vein,  but  seems  to  be  one  of  the  original  constituents 
of  the  rock.  Somewhat  similar  pyritic  impregnations  in  granite 
were  worked  a  few  years  since  in  Arizona,  near  Peeples  Valley 
and  Rich  Hill,  north  of  Stanton,  and  yielded  free  gold. 

The  close  association  of  gold  and  granite  at  Cripple  Creek 
must  not  be  overlooked.  Some  specimens  of  porphyritic  granite 
with  cavernous  spaces  partially  filled  with  purple  or  amethys- 
tine fluorite  are  very  rich  in  gold. 

Penrose,  in  summarizing  Chapter  IV.  of  his  monograph  of 
the  mining  geology  of  the  Cripple  Creek  district,  says : 

"  The  gold  and  associated  vein-minerals  were  probably  de- 
rived from  the  volcanic  rocks  and,  to  a  less  extent,  from  the 
adjacent  granite,  at  greater  or  less  but  not  extremely  profound 
depths."* 

Again  (p.  loO),  "  The  most  profitable  mines  yet  discovered  in 
the  Cripple  Creek  district  are  in  the  eruptive  rocks  or  in  the 
granite  immediately  adjacent  to  the  main  volcanic  vent  or  vents." 

On  Battle  mountain,  Cripple  Creek,  the  veins  are  described 
as  in  some  cases  well-defined  bodies  of  quartz,  "  in  other  cases 
they  are  impregnations  and  partial  replacements  of  the  country- 
rock  with  mineral  matter  along  fissures.     The  prominent  veins 

*   U.  S.  GeoL  Survey,  IGtli  Kept,  Pt.  ii.,  1894-95,  p.  166. 
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are  hoth  in  the  breccia  and  in  the  granite  immediately  adjoin- 
ing the  breccia  area."*  This  breccia,  as  found  at  the  Indepen- 
dence N"o.  4  mine,  is  described  as  containing,  besides  volcanic 
rocks,  large  quantities  of  granite  fragments,  some  of  them 
several  feet  in  diameter. 

The  ore  of  the  Independence  mine  consists  of  "  granite  from 
which  the  mica  and  quartz  have  been  partly  or  wholly  removed, 
leaving  a  honey-combed,  vesicular  mass  of  partially  kaolinized 
feldspar"  (p.  201). 

The  phenomena  of  the  occurrence  of  the  precious  metals  in 
the  celebrated  Mercur  mining  district,  Utah,  furnish  evidence 
which  may  be  used  in  support  of  either  view  of  the  primal 
source  of  these  metals.  Both  sedimentary  and  plutonic  rocks 
are  there  found  in  conformable  layers,  and  gold  has  been  found 
in  both,  but  the  commercially  available  deposits  are  along  and 
near  the  plane  of  contact  of  porphyry  and  limestone,  but  below 
the  porphyry,  the  deposits  thus  being  what  is  ordinarily  de- 
scribed by  miners  as  a  contact  deposit.  According  to  the  re- 
searches of  Mr.  J.  Edward  Spurr,  there  is  a  slight  mineraliza- 
tion which  is  pretty  generally  distributed  throughout  the  rocks 
of  the  basin.  "  Four  assays  were  made  of  comparatively  fresh 
Eagle  Hill  porphyry.  Two  assays  showed  0.01  ounce  of  gold 
to  the  ton ;  one  showed  a  trace  of  gold,  and  the  fourth  was 
entirely  barren.  Of  two  assays  of  the  birdseye  porphyry,  one 
showed  0.01  ounce  of  gold  to  the  ton,  the  other  showed  a  trace 
of  gold."t 

Nine  assays  were  made  of  the  altered  limestone,  seven  of 
which  showed  very  small  quantities  of  gold,  and  two  did  not 
yield  a  trace.  Of  twelve  assays  of  rock  at  the  contact  where 
there  was  no  evidence  of  mineralization,  nine  yielded  small 
quantities  of  gold,  and  the  other  three  did  not  show  the  pres- 
ence of  the  metal. 

The  phenomena  indicate  to  me  that  the  porphyries  and  possi- 
bly the  shales  above  them  are  the  sources  of  the  gold,  but  Mr. 
Spurr  concludes  that  the  thickness  of  the  porphyry-sheet  is  so 
slight  that  it  is  not  possible  that  the  ores  could  have  been 
derived  from  it  by  leaching,  and  so  carried  downward  into  the 

*  Penrose,  IbuL,  p.  200. 

t  "Economic  Geology  of  the  Mercur  Mining  District,  Utah."  16th  Report 
U.  S.Oeol.  Survey,  Part  ii.,  1891-93,  p.  331. 
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limestone,  and  his  explanation,  or  theory,  is  that  "the  mineral- 
izing: agents  rose  from  below  till  they  met  the  sheet  of  altered 
porphyry,  when  they  spread  ont  alon<>:  the  under  contaet  and 
so  produced  the  mineralization."* 

He  also  found  a  series  of  nearly  vertical  fissures  or  fractured 
zones  throuii:h  which  he  believes  communication  was  established 
with  a  body  of  uncooled  igneous  rock  at  an  uncertain  depth 
below,  permitting  the  ascent  of  moist  volcanic  vapors  (p.  453). 

The  researches  of  Emmons  upon  the  dissemination  of  gold  in 
the  rocks  at  Leadville  have  added  largely  to  our  knowledge  of 
this  subject. 

In  the  representative  series  of  gold  specimens  and  ores  sent 
by  the  Minister  of  Mines  and  Agriculture  from  ISTew  South 
Wales  to  the  Columbian  Exposition  in  Chicago  in  1893,  there 
were  numerous  specimens  from  granitic  and  feldspathic  lode- 
stuiJ'.  Nos.  10,  11  and  12  of  the  collection  were  from  "binary 
granite."  No.  10  contained  gold  associated  with  copper  pyrites 
and  iron  pyrites  from  the  Challenger  mine,  Adelong.  No.  11 
was  from  the  978-foot  level  of  the  Great  Victoria  mine,  and 
No.  12  from  the  770-foot  level  of  the  same  mine. 

A  pyritous  granite  was  shown  from  Dargue's  Reef,  Major's 
Creek,  Braidwood.  This  auriferous  stuff  is  described  as  25 
feet  in  width  at  the  225-foot  level.  Nos.  23,  24,  25  and  27  of 
the  same  collection  consisted  of  auriferous  feldspathic  lode-stuff 
from  different  mines  at  Yalwal,  some  specimens  showing  free 
gold.  Feldspathic  lode-stuff  with  mispickel  and  oxidized  pyrite 
is  found  also  at  the  Junction  Eeef,  Mandurama.  Auriferous 
quartz  and  feldspathic  vein-stone  rich  in  gold  occur  in  the  Hill 
End  district  and  at  Delaney's  Dike,  near  Molong. 

In  the  collection  from  Sydney  there  were  gold-bearing  speci- 
mens with  feldspathic  gangue  from  Saw  Pit  Gulley,  Fairfield. 
Three  mines  at  Timbarra  were  represented  by  masses  of  aurif- 
erous granite.  The  feldspathic  gangue  occurs  in  some  places 
in  a  brecciated  condition.  At  Wann's  lode,  Drake,  New  Eng- 
land (No.  140)  the  gold  is  obtained  from  a  siliceous  feldspathic 
breccia.  At  the  Mount  Graham  gold-mine,  Pambula,  the  oc- 
currence of  the  gold  is  described  as  "  unlike  anything  hitherto 
discovered  in  any  of  the  Colonies.     The  lodes  are  in  the  main 

*  Ibid ,  p.  4-49. 


298  RAPID    SECTION-WORK    IN    HORIZONTAL    ROCKS. 

conglomerates  unci  felsitic  breccias,  in  many  instances  only  to 
be  distinguished  from  the  country-rock  by  irregular  walls.  The 
gold  is  extremely  fine  and  diificult  to  follow ;  frequently  there 
is  nothing  to  distinguish  the  gold-bearing  from  the  barren  por- 
tions ;  the  drillings  and  the  mortar  are  the  only  guides." 

Specimens  of  vesicular  and  amygdaloidal  basalt,  claimed  to 
be  auriferous,  were  shown  from  Black  Rock,  Bullina. 

A  careful  chemical  investigation  for  gold  of  the  basalt  of 
Ovifak,  Greenland,  which  contains  the  large  and  small  masses 
of  metallic  iron,  and  which  is  believed  to  come  from  great 
depths  in  the  earth's  crust,  would  be  exceedingly  interesting. 

Examples  of  the  presence  of  gold  in  granitic  and  plutonic 
rocks  might  be  multiplied,  but  those  given  are  sufficient  to 
show  that  we  must  recognize  such  rocks  as  truly  gold-bearing. 


Rapid  Section-Work  in  Horizontal  Rocks. 

BY  MARIUS  R.  CAMPBELL,  U.  S.  GEOL.  SURVEY,  WASHINGTON,  D.  C. 

(Colorado  Meeting,  September,  1896.) 

Every  mining  engineer  who  has  engaged  in  prospecting  for 
coal  in  flat-lying  rocks  understands  the  importance  of  construct- 
ing geological  sections  across  the  territory  which  he  has  to 
prospect.  If  the  area  is  small  and  the  time  and  means  at  his 
command  are  unlimited,  he  can  construct  such  sections  with 
the  transit  and  level ;  but  if  the  area  is  great  and  the  examina- 
tion hurried,  as  it  frequently  is,  he  will  doubtless  be  puzzled 
how  to  proceed.  Under  this  pressure  of  time  and  means,  his 
work  will  probably  be,  to  a  great  extent,  devoid  of  any  system, 
being  simply  a  hap-hazard  opening  of  such  seams  as.  show  in 
outcrop  at  some  point  on  the  territory,  without  any  determina- 
tion of  geologic  structure  or  stratigraphic  succession. 

Prospecting  carried  on  in  this  manner  is  never  satisfactory  to 
the  intelligent  mining  engineer,  for  he  must  realize  that  the 
information  which  he  is  able  to  furnish  to  his  employer  is 
totally  inadequate  to  determine  the  economic  value  of  the  prop- 
erty. To  the  owner  of  the  land  such  a  report  is  no  more  satis- 
factory than  to  the  engineer.     Unless  the  latter  can  show  both 
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the  strati ijraphic  relations  of  the  coal-seams  and  the  geologic 
structure,  the  owners  are  dependent  entirely  upon  his  statement 
concerning  them,  and  have  no  means  of  judging  for  themselves 
as  to  the  accuracy  of  his  work,  or  the  value  of  his  conclusions. 
Even  supposing  that  the  report  is  accurate  so  iar  as  the  num- 
ber and  thickness  of  the  seams  and  the  quality  of  the  coal  are 
concerned,  the  owners  are  still  very  much  at  sea  on  the  question 
of  the  location  of  mines  and  the  direction  in  which  the  work 
should  be  carried  under  the  surface.  Only  one  class  of  men 
might  profit  by  an  unscientific  report,  namely,  those  who  are 
seeking  to  unload  worthless  property  on  an  unsuspecting  pub- 
lic. They  succeed  best  when  they  are  unhampered  by  facts  and 
figures ;  but  to  the  bona  fide  operator  Avho  seeks  information 
upon  which  to  base  his  plans  for  development,  such  a  report 
can  be  of  but  little  assistance. 

The  geologists  of  the  United  States  Geological  Survey,  whose 
work  has  extended  into  the  great  Appalachian  coal-field,  have 
felt  this  need  perhaps  more  than  the  mining  engineer;  for  the 
work  of  the  geologists  is  necessarily  rapid,  lacks  the  facilities 
for  thorough  prospecting,  and  involves  territory  of  enormous 
extent.  Under  such  conditions  the  ordinary  methods  of  con- 
ducting geologic  research  failed  signally,  and  a  new  method 
had  to  be  devised,  if  the  work  was  to  go  on. 

The  writer,  having  been  instrumental  in  introducing,  for  the 
conduct  of  such  work,  a  new  system,  which  has  met  with  gen- 
eral approval  wherever  it  has  been  tried,  deems  it  a  fitting  sub- 
ject to  present  to  the  Institute. 

The  Problem. 

Throughout  the  middle  and  southern  portions  of  the  Appa- 
lachian coal-field  the  strata  are  monotonous  in  character,  con- 
sisting of  shales,  coals  and  sandstones.  Limestones  are  almost 
unknown ;  and,  in  the  regions  where  they  do  occur,  they  are 
irregular  in  their  distribution,  and  therefore  of  but  little  value 
for  purposes  of  correlation  or  the  determination  of  stratigraphic 
succession.  Conglomerates  occur  frequently,  but  from  their 
very  nature  it  is  hardly  probable  that  any  one  bed  extends  in- 
definitely in  any  direction.  Considerable  experience  has  shown 
that  it  is  not  safe  to  assume  that  a  bed  of  conglomerate  which 
is  heavy  in  one  place  will  be  found  in  an  adjoining  locality.    It 
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is  also  rare  that  a  sandstone  is  found  to  have  sufficient  indi- 
viduality to  be  recognizable  over  wide  areas.  Shales  are,  as  a 
general  rule,  totally  unreliable  as  guides,  from  the  difficulty  of 
recognizing  slight  peculiarities  which  any  one  bed  may  possess, 
and  also  their  liability  to  change  in  character  from  point  to 
point.  Coals  are,  perhaps,  the  least  reliable  means  of  correla- 
tion. True,  they  have  been  generally  relied  upon;  but  the 
glaring  errors  which  have  been  made  in  correlating  seams  is 
sufficient  evidence  that,  taken  alone,  the  coals  are  of  doubtful 
and  uncertain  value  in  carrying  correlations  from  point  to  point 
in  one  field,  or  from  one  field  to  another.  Since  no  one  stratum 
can  be  depended  upon  implicitly,  our  method  of  work  must  be 
such  that  each  stratum  can  be  traced  wherever  possible,  and 
correlations  can  be  made  from  the  aggregate  evidence  of  all  of 
the  beds,  whatever  their  character  may  be. 

In  order  to  do  this,  all  the  evidence  collected  in  the  field 
must  be  placed  upon  sections  in  such  a  graphic  manner  that  the 
geologist  can  see  at  a  glance  the  material  at  his  command,  and 
can  give  to  each  fact  its  proper  value  in  making  his  correlations. 
This  implies  the  construction  of  sections  in  the  field ;  and  to 
satisfy  the  conditions,  they  must  be  rapidly  and  easily  made, 
without  instruments  other  than  those  which  can  be  carried  in 
the  pocket,  and  the  sections  must  be  so  arranged  that  they  can 
be  made  by  the  geologist  w^hen  he  travels  on  foot  or  horse-back, 
or  drives  in  his  cart  or  buck-board. 

The  rocks  over  most  of  the  field  are  essentially  horizontal, 
but  when  considered  in  detail  they  are  found  to  be  very  irregu- 
lar. The  general  geologic  structure  is  necessarily  simple,  and 
yet  the  minor  irregularities  are  so  numerous  and  apparently  so 
devoid  of  system  that  the  question  becomes  at  times  very 
complex. 

Solution  of  the  Problem. 

Since  the  rocks  are  nearly  horizontal,  the  vertical  element  in 
the  section  is  the  most  important.  Time  will  not  permit  the 
use  of  the  Y-level,  consequently  we  are  limited  to  the  aneroid 
barometer  and  hand-level.  The  aneroid  barometer  is  generally 
regarded  as  unsatisfactory;  but  in  order  to  do  rapid  work  the 
use  of  this  instrument  is  a  necessity.  The  hand-level  should 
be  used  to  supplement  the  aneroid  on  steep  slopes  and  where 
horizons  are  well  marked. 
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The  note-book  should  be  as  hirge  as  the  o;eoloi!::ist  can  coii- 
venieiitly  earry.  The  book  in  use  in  the  United  (States  Geologi- 
cal Survey  is  7|  by  10  inches  in  size,  and  made  of  cross-section 
paper.  The  size  of  the  book  is  not  important;  each  engineer 
must  determine  that  question  for  himself. 

The  method  here  presented  presui)pose8  a  good  base-map  of 
the  region  to  be  studied,  upon  which  are  represented  all  of  the 
roads  and,  if  in  an  uninhabited  or  but  tliinly  settled  region,  all 
of  the  more  important  bridle-paths.  If  such  a  map  cannot  be 
obtained,  the  geologist  will  perforce  prepare  his  own  map  at  the 
same  time  that  he  constructs  his  section.  Engineers  accustomed 
to  mapping  in  a  thoroughly  accurate  manner  will  iind  it  diffi- 
cult to  adapt  themselves  to  simpler  methods,  which,  though 
not  strictly  accurate,  are  correct  enough  for  geological  purposes. 
Through  long  experience,  the  geologists  of  the  United  States 
Geological  Survey  are  able  with  a  hand-compass  and  a  pro- 
tractor to  make  foot-meanders  with  considerable  accuracy  and 
great  rapidity.  Space  will  not  permit  a  full  discussion  here  of 
methods  of  rapid  mapping;  but  it  will  repay  engineers  to  prac- 
tice it  in  regions  where  accurate  surveys  are  impracticable. 

In  order  to  render  the  explanation  of  the  method  of  making 
rapid  sections  more  intelligible,  we  wnll  consider  a  concrete 
case  taken  from  my  own  note-book  and  representing  a  section 
made  in  this  manner  in  McDowell  county.  West  Virginia. 
Plate  I.  shows  a  plat  of  the  road  over  which  the  section  was 
made.  This  road  follows  a  high  ridge  on  the  western  side  of 
Dry  fork  of  Tug  river,  and  is  the  principal  line  of  communica- 
tion between  Bradshaw  and  laeger.  For  this  kind  of  work, 
ridge-roads  generally  give  better  results  than  those  following 
streams,  since  on  the  summits  of  the  ridges  sandstones  and 
shales  are  almost  always  distinguishable.  The  section  here- 
with presented  was  made  during  one  trip  over  this  road,  and 
consumed  less  than  half  of  a  day  for  its  completion.  The  only  in- 
strument used  was  an  aneroid  barometer,  the  readings  of  which 
■were  afterwards  checked  by  known  elevations  along  the  line 
of  the  section. 

Since  the  method  is  almost  entirely  graphic,  it  is  well  to 
adopt  conventional  symbols  to  represent  the  various  kinds  of 
rocks  included  in  the  section.  Of  course,  all  this  is  a  matter 
of  personal  taste ;   but  much  time  is  saved  by  such  symbols  as 
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are  easily  made  and  easily  recognized  afterward.  In  the  sec- 
tion illustrated  I  used  a  block-symbol  for  sandstones  (varying 
the  size  of  the  pattern  as  the  sandstone  changed  in  the  thick- 
ness of  its  bed),  fine-line  shading  for  shales  and  a  heavy  black 
line  for  coal-outcrops.  The  number  and  kind  of  symbols  which 
it  is  desirable  to  use  will  be  determined  by  the  character  of 
the  rocks  involved  and  the  ingenuity  of  the  person  making  the 
section. 

Plate  II.  is  a  reproduction  of  the  pages  of  my  note-book 
upon  which  the  original  section  was  made,  the  notes  having 
been  inked  for  the  purpose  of  mechanical  reproduction.  The 
note-book  was  carried  open  in  my  hands,  and  the  barometer 
was  held  upon  the  open  book,  so  that  I  could  always  read  the 
elevation  of  any  outcrop  without  the  necessity  of  stopping  the 
team  for  the  purpose. 

In  constructing  the  section  the  horizontal  element  is  almost 
ignored ;  but  the  vertical  is  made  as  nearly  exact  as  possible 
under  the  circumstances.  A  convenient  vertical  scale  is 
adopted,  which  should  be  large  enough  to  show  all  the  details 
of  the  section.  The  scale  used  in  the  example  here  given  is 
20  feet  to  a  single  space.  In  the  original  book  this  is  about 
100  feet  ==  -|  of  an  inch ;  but  the  scale  may  be  varied  to  suit 
the  book,  the  character  of  the  rocks  and  the  inclination  of  the 
person  doing  the  work.  Every  observed  outcrop  is  plotted 
in  its  correct  relative  position,  as  far  as  the  vertical  element  is 
concerned ;  but  the  horizontal  distances  are  merely  estimated 
— the  hills  and  valleys  being  sketched  as  the  section  is  made  up, 
without  any  particular  effort  to  have  them  correct,  except  in  ele- 
vation. At  the  starting-point,  which  was  marked  O  on  l)oth  map 
and  section,  the  barometer  read  3180  feet,  which  was  assumed 
to  be  the  elevation  without  any  resrard  to  the  absolute  eleva- 
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tion.  In  passing  down  the  roaB  the  shale  which  caps  the  hill 
at  the  starting-point  was  found  to  rest  upon  a  bed  of  sandstone 
at  3170.  This  sandstone  is  coarse  and  heavy-bedded,  and 
reaches  to  3100.  The  contact  between  the  shales  and  sand- 
stone was  seen  at  this  point,  as  was  also  the  contact  between 
the  shales  and  a  lower  sandstone  at  3060.  This  is  also  a 
coarse  sandstone  and  extends  to  2990.  Below  that  is  sandy 
shale  to  the  foot  of  the  hill,  where  the  intersection  of  two 
roads  provides  us  with  a  tie-point,  so  our  section  is  marked  O", 
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and  tlie  road-intersection  on  the  map  is  also  marked  the  same. 
This  point  is  on  the  top  of  anotlier  l)ed  of  sandstone,  which  is 
well  exposed  on  the  road  which  descends  from  this  point  to 
Bradshaw.  From  this  side-section  we  know  that  the  sandstone 
is  65  feet  thick ;  so  it  is  plotted  in  on  our  section  to  assist  in 
the  correlation,  if  the  road  should  cut  this  bed  at  any  other 
point  on  the  section.  For  convenience  in  describing  the  con- 
struction of  the  section,  the  various  beds  are  numbered,  begiii- 
ningr  with  the  lowest  sandstone  shown  in  the  section.  Thus 
the  sandstone  beds  are  called  Nos.  I.,  III.  and  V.,  and  the  shale- 
beds  Nos.  II.  and  IV. 

Many  written  descriptions  of  the  kinds  of  shale  and  sand- 
stone were  originally  made  on  this  section ;  but  it  was  impos- 
sible to  reproduce  all,  so  they  have  been  generally  omitted. 

In  passing  eastward  from  the  point  0',  the  road  ascends  on 
the  shale  for  a  vertical  distance  of  90  feet  to  a  sharp  bend  in 
the  road,  which  is  used  as  another  tie-point  and  marked  on  the 
plot  and  section  0^  The  attitude  of  sandstone  No.  I.  below 
the  road  is  unknown,  until  the  road  passes  over  a  low  hill  and 
descends  into  a  shallow  saddle,  where  the  sandstone  is  seen  im- 
mediately underlying  the  road.  Since  shale  bed  No.  II.  is  ex- 
posed continuously  from  0'  there  can  be  no  doubt  about  the 
identification  of  the  sandstone  stratum. 

Throughout  the  entire  section  tie-points  were  established  at 
frequent  intervals  or  wherever  a  point  in  the  road  could  be 
identified. 

The  road  continues  in  shale  bed  No.  II.  past  O^,  and  at  0* 
cuts  through  the  bed  of  shale  and  reaches  the  sandstone  below. 
The  road  follows  near  the  top  of  this  bed  through  0^,  O"  and 
O'^;  but  at  the  last  point  again  arises  over  a  hill  composed  of 
shale  bed  No.  II.  There  is  an  apparent  arch  in  the  sandstone 
(No.  I.)  between  O'  and  0' ;  but  upon  consulting  the  map 
it  is  found  that  the  axis  of  this  supposed  arch  is  located  at  the 
angle  in  the  road  which  unites  the  east  and  west  with  the  north 
and  south  courses.  There  is  a  descent  in  each  direction  from 
this  angle;  consequently  we  conclude  that  there  is  a  strong 
northwesterly  dip  in  this  region,  instead  of  an  anticlinal  fold. 

The  hill  between  0^  and  0^  affords  a  minimum  measure  of 
shale  No.  II. ;  but  since  no  sandstone  was  noted  upon  its  sum- 
mit, the  exact  upper  limit  is  in  some  doubt.    Beyond  0'°  the  road 
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ascends  a  liill  130  feet  in  height.  Leaving  sandstone  Xo.  I.  at  its 
base,  it  passes  through  about  70  feet  of  shale,  and  reaches  the 
basal  portion  of  an  upper  sandstone  (No.  III.). 

This  portion  of  the  section  illustrates  well  the  trouble  fre- 
quently encountered  in  constructing  sections  in  Coal-Measure 
rocks.  In  ascending  the  hill  from  0'°  the  road  rises  distinctly 
above  the  sandstone  (Xo.  I.)  and  enters  the  shales  above. 
These  shales  show  in  outcrop  through  a  vertical  interval  of  70 
feet,  above  which  no  rocks  are  visible.  The  soil  is  the  only 
means  of  determining  the  character  of  the  rocks ;  but  the  soil  is 
sandy,  and  it  is  impossible  to  say  whether  it  is  derived  from  the 
sandstone  which  caps  the  hill  or  is  the  result  of  the  disintegra- 
tion of  sandy  shale  or  sandstone  in  the  place  where  the  soil 
occurs.  Generally  a  single  exposure  will  not  suffice  to  settle  the 
point,  and  the  geologist  must  seek  for  further  exposures  of  this 
interval  in  order  to  become  better  acquainted  with  the  character 
of  its  rocks.  In  the  section  under  consideration,  this  interval 
was  afterward  seen  in  a  number  of  places,  and  the  shale  bed 
(Xo.  II.)  was  found  to  be  very  constant  and  about  70  feet  in 
thickness.  Therefore,  it  seems  probable  that  the  blank  space 
in  the  section  below  0''^  is  really  sandstone  belonging  to  Xo.  III. 

Sandstone  Xo.  I.  passes  below  the  road  at  O'"  and  was  not 
seen  again  in  the  section. 

The  section  was  carried  on  as  already  indicated,  estimating 
all  horizontal  distances  and  plotting  all  vertical  measures  from 
the  reading  of  the  barometer.  Cross-references  were  estab- 
lished at  frequent  intervals,  by  means  of  which  these  points 
could  be  identified  in  the  future,  and  the  section  could  be  re- 
constructed on  a  correct  horizontal  basis. 

The  various  beds  were  followed  without  any  great  difiiculty 
to  0^'^,  at  which  point  the  road  passes  upward  through  the 
sandstone  Xo.  III.  and  a  greater  thickness  of  the  shales  of  Xo. 
IV.  than  had  previously  been  found.  The  sandstone  (Xo.  V.) 
above  these  shales  seems  abnormally  thin  in  this  hill,  but  on 
the  opposite  side  of  the  ravine,  near  the  end  of  the  section,  it 
is  nearer  its  normal  thickness  and  is  accompanied  by  a  band  of 
thin,  flaggy  sandstones  above  the  heavy  portion.  This  upper 
portion  may  be  present  on  the  hill  at  O''^,  but  it  was  not 
noticed. 

"Whether  these  chanares  are  due  to  actual  increase  and  de- 
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crease  in  the  tliiekuess  of  the  beds  or  whether  they  are  due  to 
fluctuations  of  the  barometer  is  uncertain.  I  had  not  the  op- 
portunity of  traversing  the  section  a  second  time,  so  coukl  not 
settle  this  question. 

This  practically  completes  the  field-work  on  this  section. 
Since  the  horizontal  element  of  the  section  is  merely  estimated, 
it  is  not  to  be  supposed  that  the  section  as  constructed  in  the 
field  will  sihow  correct  geologic  structure,  but  it  does  show  the 
correlation  of  the  beds  as  well  as  though  the  section  was  cor- 
rect in  both  its  horizontal  and  vertical  elements.  The  identifi- 
cation of  the  beds  is  all  that  is  essential  in  the  field;  the  struc- 
ture can  be  determined  later,  when  the  geologist  has  more 
leisure  and  better  facilities  for  the  work.  True,  the  section 
here  given  is  an  exceptional  one ;  but  in  all  cases,  if  exposures 
are  reasonably  good,  the  beds  can  be  followed  with  consider- 
able certainty.  Where  exposures  are  poor,  or  no  rocks  at  all 
show  on  the  surface,  all  methods,  however  good  in  themselves, 
fail  to  reveal  either  the  geologic  structure  or  the  stratigraphic 
succession. 

The  method  of  procedure  which  is  applicable  to  ridge-sec- 
tions will  not  always  apply  to  sections  along  streams.  In  the 
latter  case,  if  the  observations  are  confined  to  the  rocks  exposed 
in  the  bed  of  the  stream,  the  possibilities  are  that  the  section 
will  have  but  little  value.  Rock-surfaces,  when  fresh,  are  very 
different  in  appearance  from  the  same  surfaces  when  deeply 
weathered;  consequently  the  interpretation  of  creek-sections  is 
liable  to  be  very  difterent  from  the  interpretation  of  ridge-sec- 
tions. Moreover,  along  streams  the  shales  and  softer  beds  are 
liable  to  be  worn  away  by  mechanical  action,  leaving  the  sand- 
stones as  the  most  prominent,  if  not  the  only  visible,  geologic 
feature  along  the  stream-valley.  Good  sections  can  usually  be 
made  along  streams,  if  there  are  hills  bordering  the  valley,  up 
which  the  observer  can  climb  to  rocks  exposed  on  their  slopes. 
Manifestly  the  best  results  can  be  obtained  where  the  hills  are 
very  abrupt  and  composed  of  well-defined  beds  of  shale  and 
sandstone,  or  other  material  equally  well  difterentiated. 

Plate  III.  is  a  photographic  reproduction  of  two  pages  of  a 
note-book,  showing  a  section  along  Tug  river  in  McDowell 
county,  "West  Virginia.  It  would  have  been  impossible  to  in- 
terpret the  geologic  structure  from  the  exposures  along  the  bed 
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of  the  river ;  consequent! v  it  was  necessary  to  make  frequent 
sections  up  the  hills  bordering  the  stream. 

The  start  was  made  from  the  point  X  at  the  the  mouth  of 


Plate  III 


SECTION  ALONG  TUG    RIVER   FROM   GAND   LiCK  CREEK 
TO  WELCH 
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Sand  Lick  creek.  A  climb  was  made  to  the  top  of  the  hill, 
340  feet  above  the  stream,  in  which  five  beds  of  sandstone  were 
located,  and  a  good  determination  was  made  of  the  thickness  of 
the  shale-intervals  separating  them.     The  sandstone  beds  are 
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nnmberod  on  the  section  II.,  lY.,  YI.,  YIII.  and  X.  and  the 
shale-bods,  I.,  IIF.,  Y.,  A-^II.  and  IX.  On  passing  down  the 
river  from  tlie  ]toint  X,  sandstone  Xo.  IL  Avas  seen  to  pass  be- 
neath water-level,  and  the  coal  which  shows  in  Xo.  III.  at  X  is 
bronght  to  the  level  of  the  stream  near  X',  where  it  has  been 
opened  and  faced  up.  Sandstone  Xo.  lY.  is  also  seen  to  pass 
below  the  road,  and  shale  Xo.  Y.,  which  carries  the  Pocahontas 
coal-seam,  is  also  brought  down  to  the  level  of  the  road.  This 
coal-seam  has  been  opened  in  a  number  of  places  in  this  vicinity, 
the  latest  o[)ening  being  at  the  point  X''.  Above  this  opening 
a  second  climb  was  made,  and  another  good  section  of  the  vari- 
ous beds  occurring  in  an  interv^al  of  330  feet  was  obtained. 
Sandstones  Xos.  YI.,  YIII.  and  X.  were  found  to  have  the 
same  thicknesses  and  the  same  intervals  separating  them  as  in 
the  previous  section.  Sandstone  Xo.  X.  is  especially  promi- 
nent, and  serves  as  a  guide  in  the  identification  of  formations. 
In  this  section  the  whole  of  the  shale  interval  above  Xo.  X.  and 
a  small  portion  of  an  upper  sandstone  were  obtained. 

In  passing  down  the  river  from  X'  the  coal  first  disappears, 
and  sandstone  Xo.  YI.  also  passes  below  water-level,  but  rises 
soon  and  shows  prominently  at  X".  The  disappearance  of  this 
sandstone  below  the  level  of  the  river  marks  the  axis  of  a  small 
synclinal  fold. 

Fearing  lest  there  might  be  some  error  in  tracing  along  the 
road,  another  climb  was  made  at  X*'.  Happily  the  succession 
of  beds  was  found  to  be  perfect,  and  fully  verified  the  tracing 
along  the  stream.  Xo.  X.  is  still  the  most  prominent  bed  and 
the  guide  to  the  stratigraphy.  In  this  climb  the  full  thickness 
of  the  upper  sandstone  (Xo.  XII.)  was  obtained ;  for  shale  was 
found  capping  the  hill  above  the  clifi"  formed  by  this  bed  of 
sandstone. 

Below  X«  the  strata  continue  to  rise  to  X',  at  which  point  20 
feet  of  the  shales  of  Xo.  Y.  are  visible.  It  is  also  reported  that 
the  Pocahontas  coal  has  been  seen  here  at  low  water.  Beyond 
X'  the  strata  dip  so  rapidly  that  another  climb  was  necessary 
in  order  to  verify  the  apparent  structure.  This  climb  reveals 
the  fact  that  Xo.  YIII.  is  at  water-level,  and  that  the  heavy 
cliflT  next  above  is  formed  by  Xo.  X.  Xo.  XII.  is  also  found 
with  a  normal  thickness  of  40  feet.  Above  Xo.  XII.,  for  a  dis- 
tance of  120  feet  to  tlie  top  of  the  hill,  is  an  interval  in  which 
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there  is  no  bed  with  well-marked  characteristics.  The  bed  of 
sandstone  near  the  top  of  the  section  is  inconspicuous  here,  but 
apparently  swells  to  a  prominent  bed  farther  down  the  river. 

Since  this  section  was  unsatisfactory,  another  was  made  a 
short  distance  below,  in  which  Xo.  X.  was  obtained  near  the 
level  of  the  road.  Xo.  XIV.,  the  highest  bed  in  this  section,  is 
quite  heavy  here ;  so  we  are  forced  to  the  conclusion  that  there 
has  been  a  rapid  thickening  of  the  sandstones,  or  some  of  the 
sandy  shale  in  section  X'^  has  been  replaced  by,  or  changed  to, 
sandstone  in  X^ 

From  X^,  the  road  climbs  over  a  projecting  spur,  and  in  so 
doing  crosses  Xo.  X.  and  Xo.  XL  It  then  descends  to  the 
river  bank,  with  Xo.  X.  forming  a  rugged  wall  just  above  the 
road.  To  verify  this  a  climb  was  made  at  X*"\  starting  at  Xo. 
X.,  and  continuing  through  Xo.  XR".,  which  is  here  a  promi- 
nent ledge,  and  for  a  distance  of  80  feet  into  the  sandy  shale  of 
X'o.  XV. 

Xo.  X.  passes  gradually  below  water-level,  and  at  "Welch, 
M'hich  is  located  at  the  end  of  the  section,  there  is  no  stratum 
near  the  level  of  the  stream  by  which  we  can  follow  the  struc- 
ture. The  climb  at  this  point,  however,  seems  to  give  Xo. 
Xr\".  in  increased  thickness  and  introduces  a  new  member,  Xo. 
XVI.,  into  the  section.  This  sandstone  is  the  most  conspicu- 
ous feature  of  the  lower  river,  but  unfortunately  has  been  eroded 
from  the  cliffs  farther  up  the  stream. 

Reference-letters  are  used  in  the  same  manner  as  in  the  sec- 
tion previously  described.  If  the  work  is  hurried,  the  vertical 
sections  must  of  necessity  be  measured  by  the  aneroid  barome- 
ter ;  but  if  time  will  permit,  a  Locke  hand-level  can  be  used  to 
great  advantage  in  measuring  sections  where  exposures  are 
good  and  slopes  are  steep.  The  results  are  much  more  satis- 
factory than  if  all  of  the  measurements  are  barometric ;  and, 
with  practice,  measuring  with  the  hand-level  can  be  done  quite 
rapidly. 

As  before  mentioned,  these  sections  should  be  supplemented 
by  such  written  notes  as  are  necessary  to  convey  to  any  person 
a  knowledge  of  the  character  of  the  rocks  observed,  and  the 
details  of  the  coal-seams.  If  the  notes  are  taken  in  this  man- 
ner, a  single  section  will  frequently  furnish  considerable  infor- 
mation regarding  the  ffcoloiric  structure:  but  in  niidertaking 
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to  map  a  given  area,  iiuiiicrous  suctions  should  be  constructed, 
showing  the  details  of  structure  along  lines  in  various  directions 
across  the  territory. 

Office-Work. 

The  rough  sketch  of  the  tield-section  need  not  be  gone  over 
at  once.  It  can  be  done  to  the  best  advantage  in  the  office. 
When  the  geologist  returns  from  his  field-work,  he  reconstructs 
from  his  sketches  accurate  sections,  with  horizontal  measure- 
ments corrected  and  barometric  readings  adjusted. 

The  sketch-section  illustrated  on  Plate  II.  is  reconstructed  in 
the  following  manner :  A  section-line  is  drawn  on  the  map 
(Plate  I.)  along  the  general  course  of  the  road.  Thus  the  first 
portion  of  this  line  connects  O  and  0\  the  second  0*  and  0'", 
and  in  a  similar  manner  for  the  rest  of  the  section.  On  a  very 
crooked  road,  like  the  one  shown,  some  of  the  points,  such  as 
O'*,  are  a  long  distance  from  the  line  of  the  section;  and  if  the 
dips  are  strong,  allowance  will  need  to  be  made  for  this  fact  in 
reconstructing  the  section.  As  a  general  rule,  the  dips  are  so 
light  that  a  slight  discordance  between  the  road  and  the  section- 
line  Avill  not  affect  the  result ;  nevertheless,  this  point  should  be 
carefully  watched  and  correction  should  be  made  Avhenever 
necessary. 

The  section  is  re-drawn  on  cross-section  paper  to  any  conve- 
nient scale,  except  that  it  is  not  practicable  to  construct  it  on  a 
natural  scale.  Some  vertical  exaggeration  is  necessary  in  order 
to  show  details  of  stratification.  The  section  is  re-drawn  on  the 
adopted  scale  with  the  reference  points,  0,  O',  O'^,  etc.,  at  their 
proper  intervals,  measured  on  the  straightened  line  of  the  sec- 
tion. The  finished  section  is  shown  on  the  lower  portion  of 
Plate  I. 

By  comparison  with  the  note-book  (Plate  II.)  it  will  be  seen 
that  the  changes  in  structure  are  very  slight,  since  with  a  large 
amount  of  practice  the  sketching  can  be  done  with  considerable 
accuracy.  The  section  as  now  constructed  is  still  at  an  assumed 
elevation  of  from  2800  to  3000  feet.  If  the  absolute  elevation 
of  any  point  on  the  section  is  known,  the  section  can  be  cor- 
rected for  sea-level ;  or  if  the  elevations  of  several  points  are 
known,  lines  can  be  drawn  on  the  section  which  will  correct  to 
a  great  extent  the  fluctuations  of  the  barometer.     Suppose  the 
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points,  OS  O'',  0=«  and  0'%  are  respectively  2030,  2280,  2150  and 
1910  feet  above  sea-level ;  then  we  will  measure  down  from 
them  to  some  convenient  datum-line,  and  use  that  instead  of  the 
assumed  elevation  as  our  standard  for  the  section.  In  this  case 
we  will  assume  that  the  1500-foot  line  is  our  datum.  The  ele- 
vation of  the  point,  0\  is  2030  feet  above  tide ;  hence  it  is  530 
feet  above  the  datum-line.  Measure  down  530  feet  from  0'  and 
that  will  give  a  point  on  our  standard-line.  Doing  the  same  for 
0'*,  O'^^  and  0'',  we  shall  have  four  points  through  which  the 
line  must  pass.  If  the  barometric  readings  on  these  points 
agree  with  the  correct  readings,  our  datum-line  will  be  straight, 
but  if  the  barometer  fluctuated,  the  readings  will  vary,  and  the 
line  will  be  broken.  In  the  section  shown  on  Plate  I.  the 
barometer  fluctuated  during  the  construction  of  the  section, 
consequently  there  is  considerable  correction  to  be  made  be- 
tween 0"  and  O'^ 

The  elevation  of  a  stratum  at  any  point  can  now  be  deter- 
mined by  measuring  up  from  the  datum-line  and  adding  that 
measure  to  1500  feet,  the  absolute  elevation  of  the  datum-line. 
By  this  method  all  intersecting  lines  may  be  made  to  agree, 
since  they  are  all  referred  to  a  common  datum. 

When  this  is  accomplished,  the  geologic  structure  of  any  given 
area  is  best  shown  by  drawing  contour-lines  on  the  surface  of 
some  prominent  and  persistent  stratum.  In  the  section  here 
shown,  the  upper  surface  of  any  of  the  three  beds  of  sandstone 
aftbrds  a  good  surface  upon  which  to  draw  contours.  If  it  is 
desirable  to  draw  100-foot  contours,  a  scale  can  be  run  along 
the  section  holding  1500  to  the  datum-line,  and  wherever  the 
even  100-foot  divisions  are  crossed  by  the  surface  of  the  sand- 
stone, there  would  be  located  a  contour-line.  By  proceeding 
in  this  manner  with  all  of  the  sections  over  a  given  area,  a  great 
many  points  will  be  obtained  on  the  surface  of  the  sandstone- 
bed,  which,  when  connected  by  lines,  will  represent  the  attitude 
of  the  surface  in  question. 

A  contoured  map  prepared  in  this  manner  is  shown  in  Plate 
IV.  It  is  a  portion  of  the  Raleigh,  W.  Va.,  atlas-sheet,  embrac- 
ing an  area  of  192  square  miles,  mostly  contained  in  the  county 
of  Raleigh. 

On  the  regular  topographic  base-map  sections,  lines  are  ruled 
along  each  road  which  was  traversed.     This  gives  a  connected 
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network  of  sections,  wliicli,  when  adjusted  and  corrected  to  our 
common  base,  aftbrds  means  for  drawing  the  bedding-contours 
sliown  on  Plate  IV.  In  this  particular  region  a  massive  sand- 
stone or  conglomerate,  which  was  identified  over  the  area 
shown,  was  selected  as  the  most  convenient  stratum  to  contour. 
Each  section  was  then  gone  over,  and  the  interval  between  the 
upper  surface  of  this  sandstone  and  the  datum-line  was  carefully 
measured.  In  this  manner  the  even  hundreds  were  marked  on 
the  section-lines  on  Plate  IV.  and  then  these  points  were  con- 
nected by  contour-lines.  For  convenience  in  reading  the  map 
the  1500-,  2000-  and  2500-foot  lines  are  made  much  heavier 
than  the  intermediate  lines. 

By  means  of  such  contours  the  geologic  structure  of  these 
flat-lying  rocks  can  be  brought  out  more  successfully  than  by 
any  other  means  known  to  the  writer.  The  most  striking  fea- 
ture of  the  contours  is  probably  their  great  irregularity.  The 
2000-foot  contour  varies  back  and  forth  irregularly  through  a 
zone  about  5  miles  in  width,  until  near  the  eastern  edge  of  the 
area,  wdiere  it  runs  into  a  regular  northwestern  slope.  This 
great  irregularity  of  the  contours  is  caused  by  slight  undula- 
tions in  the  comparatively  horizontal  rocks.  In  mining,  these 
slight  undulations  are  of  the  utmost  importance,  and  every 
operator  should  have  a  map  of  his  property  which  would  show 
them. 

Mining  engineers  generally  report  that  the  dip  averages  so 
many  feet  to  the  mile  toward  the  northwest  or  the  southeast, 
as  the  case  may  be,  but  a  glance  at  Plate  IV.  shows  how  falla- 
cious such  general  statements  are.  True,  the  general  dip  in 
this  case  is  toward  the  northwest;  but  the  exceptions  to  the 
rule  are  so  numerous  that  we  begin  to  lose  confidence  in  it  and 
demand  the  actual  local  strike  and  dip  of  the  rocks. 

Such  a  contoured  map  would  afford  very  reliable  information 
as  to  the  best  location  for  mines  and  the  direction  in  which  the 
entries  should  be  driven.  If  the  interval  between  the  contoured 
surface  and  any  coal-seam  is  known,  the  position  of  the  seam  at 
any  point  can  be  easily  calculated  by  adding  this  interval  to  the 
elevation  of  the  contoured  surface,  when  the  coal-seam  is  above 
the  standard  bed ;  or  by  subtracting  the  interval  when  the  coal 
lies  below  the  datum-surface. 

The  section  along  Tug  river  can  be  reconstructed  in  the  same 
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mainior  as  the  section  already  described ;  but  space  will  not 
permit  a  detailed  description  here.  This  kind  of  section  is 
especially  valuable  alouo;  a  railroad  line,  where  the  profile  of 
the  road  provides  an  accurately  determined  base-line  from 
which  to  measure. 

This  method  has  been  employed  by  me  for  two  years  in  quite 
accurate  mapping  of  the  Coal-Measures  in  an  area  of  over  3000 
square  miles  in  southern  West  Virginia,  and  by  another  party 
belonging  to  the  same  organization  in  central  West  Virginia. 

Wherever  tried  it  has  been  adopted,  and  is  apparently  sus- 
ceptible of  application  wherever  the  rocks  are  approximately 
horizontal.  In  inclined  rocks,  its  limit  of  usefulness  is  soon 
reached.  Where  dips  of  5°  prevail,  the  horizontal  element  of 
the  section  becomes  so  important  that  the  results  are  not  always 
satisfactory ;  and  when  the  dips  reach  10°,  the  system  is  entirely 
inadequate. 


Note  on  a  Shaft-Fire  and  its  Lesson. 

BY  ROBERT  OILMAN   BROWN,    BODIE,    CAL. 

(Colorado  Meeting,  September,  189G.) 

There  are  few  disasters  so  difficult  to  deal  with  as  an  under- 
ground fire.  It  is  inaccessible  at  best,  and  generally  unap- 
proachable ;  and  it  finds  most  material  in  the  very  places 
wdiere  it  can  do  most  harm,  namely,  in  large  stopes  and  in 
"  heavy  "  ground  where  timbers  are  massed,  and  in  shafts  and 
level-stations  where  there  are  inevitaldy  strong  drafts  to  make 
the  burning  yet  more  fierce. 

The  fire  constituting  the  subject  of  this  note  occurred  in  the 
shaft  of  the  Standard  mine  at  Bodie,  California,  and  originated 
after  the  departure  of  the  night-force  at  3  a.m.,  being  discovered 
by  the  men  going  to  work  at  6.30.  At  that  time  it  had  gained 
already  considerable  headway,  and  was  throwing  smoke  plenti- 
fully from  the  collar  of  the  shaft. 

It  must  be  premised,  for  understanding  of  the  situation,  that 
in  this  shaft  all  hoisting  is  done  to  the  320-foot  level,  where  the 
material  is  dropped  by  chutes  30  feet  to  the  tunnel-level,  through 
which  it  is  run  to  the  mill.     Hoist  and  sheaves  are  all  placed 


316  NOTE    ON    A    SHAFT-FIRE    AND    ITS    LESSON. 

underground,  the  upper  portion  of  the  shaft  being  open,  but 
unused.  The  tunnel  is  1800  feet  long,  and  attempts  were 
made  at  once  to  reach  the  shaft  through  it,  but  increasing 
smoke  and  gas  drove  the  men  back  a  hundred  feet  and  more. 

The  natural  course  in  such  a  case  is  to  bulkhead  everything 
as  tightly  as  possible,  with  the  hope  that  the  fire  may  be  smoth- 
ered in  its  own  carbonic  acid,  but  in  this  instance  the  element 
of  uncertainty  was  too  large.  There  was  a  nest  of  old  timbers 
in  ore-chutes  and  shaft,  above  tunnel-level,  where  fire  would 
lurk  for  months;  and,  more  than  that,  there  were  a  dozen  con- 
nections through  caved  stopes  to  neighboring  mines  that  could 
not  be  bulkheaded,  as  well  as  through  openings  that  perhaps 
could.  The  shaft  must,  therefore,  be  approached  at  the  ore- 
chutes  on  the  tunnel-level,  if  possible ;  and  this  might  be  made 
possible  by  leaving  the  tunnel  as  the  sole  free  intake.  All 
other  openings,  to  the  surface  direct  and  through  other  mines, 
were  at  once  sealed,  with  the  hoped-for  result.  In  the  course 
of  two  hours  the  chutes  could  be  reached,  and  a  hand-to-hand 
fight  with  the  fire  could  be  begun.  In  this  struggle  important 
aid  was  furnished,  absurd  as  it  may  seem,  by  hand-extinguish- 
ers, and  the  drug-stores  of  the  town  were  ransacked  for  bottles 
suitable  to  hold  acid,  while  the  assay-office  furnished  the  soda 
for  numberless  charges.  At  first  water  was  brought  in  in  bar- 
rels, and  a  hand  force-pump  was  used.  Later,  connections  were 
made  from  the  outside  to  the  mine-pipe  which  passed  out  of 
the  tunnel,  and  water  was  pumped  in,  to  be  thrown  upon  the 
fire,  through  a  2-inch  hose,  by  a  small  centrifugal  pump,  driven 
by  electricity.  The  latter  arrangement  was  put  into  operation 
on  the  second  day  of  the  fire.  By  this  time  the  chutes  and 
shaft  at  tunnel-level  had  caved  down,  and  the  fire  in  the  half- 
buried  timbers  had  to  be  fought  for  a  day  or  two  more,  the  fear 
being  that  it  would  work  down  the  shaft. 

Meanwhile  water  was  being  pumped  from  a  neighboring  mine 
through  fire-hose  into  the  collar  of  the  shaft,  which  spattering 
and  spraying  down  finally  saved  the  upper  200  feet  of  it. 

The  damage  was  ultimately  found  to  extend  ujiwards  from 
tunnel-level,  where  the  cage  had  wedged,  and  to  include  the 
chutes  and  hoist-station.  This  must  be  regarded,  in  view  of  the 
much  greater  disaster  threatened,  as  a  most  fortunate  and  sat- 
isfactory result. 


NOTE    ON    A    SIIAFT-FIRE    AND    ITS    LESSON.  317 

By  way  of  dedneins:  for  o;oiioriil  rtp]tlicatioii  the  lessons  taiio;ht 
by  this  experieiu-e,  it  may  be  well  to  classiiy  the  elements  whieh 
eombined  to  lessen  the  injury  incurred  under  the  two  heads  of 
existing'  conditions  and  active  relit't-measures. 

Existbui  Contl'diotis. — These  might  well  be  called  adventitious 
or  accidental  eireumstances,  since  they  can  scarcely  be  said  to 
have  been  provided  deliberately  Avith  a  view  to  the  emergency 
in  which  they  came  into  play.  Apart  from  the  conditions  in- 
volved in  the  nature  of  the  mine,  the  locality  of  the  fire,  etc., 
they  comprise : 

a.  The  wedging  of  the  cage  just  above  tunnel-level. 

b.  The  presence  of  a  water-pipe  in  the  tunnel,  with  easy  out- 
side connections  to  adequate  water-supply. 

c.  The  possession  of  a  centrifugal  pump  and  electric  motor 
that  could  be  put  into  operation  almost  immediately. 

d.  The  supply  of  water  from  a  neighboring  mine,  and  suffi- 
cient hose  to  bring  it  to  the  collar  of  the  shaft. 

Relief  Measures. — Under  this  head  may  be  mentioned  : 

e.  The  bnlkheading  of  all  approaches  save  one. 
/.  Fighting  the  fire  with  hand-extinguishers. 

g.  Hauling  in  water  and  using  hand  force-pumps. 

These  two  categories  are  not  food  for  pleasant  consideration, 
yet  it  is  safe  to  say  that  the  conditions  of  80  per  cent,  of  the 
metal-mines  of  the  West  are  to-day  no  better. 

It  is  clear  that  the  first  list,  which  really  made  the  fight  a 
winning  one,  deserves  special  consideration,  with  the  view  ol 
converting  its  elements  into  relief-measures  for  future  applica- 
tion. 

a.  Some  years  ago  a  fire-door,  with  automatic  release,  was 
devised  for  use  in  shafts,  and  actually  employed  in  several  in- 
stances.* It  w^as  8  inches  thick  and  iron-sheathed,  and  was 
designed  to  save  a  shaft  from  burning  with  the  shaft-house. 
Some  such  device,  placed  between  levels  as  well,  would  be  in- 
valual)le  in  isolating  various  portions  of  the  shaft. 

6.  Where  adit-tunnels  exist,  outside  connection  to  water-sup- 
ply should  be  provided  and  fitted  with  couplings  and  hose,  if 
the  conditions  are  such  that  in  a  possible  contingency  this  sup- 
ply may  be  required. 

c.  If  pressure  is  not  ample  for  this  purpose  a  small  hand 

*  See  Emj.  and  Min.  Jour.,  April  7,  1894. 
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forec-piimp  (about  3-incli  barrel),  or,  if  there  is  electric  power 
in  the  niiiie,  a  3  K.  W.  motor  witli  12-inch  centrifugal  pump 
should  be  at  hand. 

d.  For  surface  water-supply  a  main  should  be  laid,  when 
practicable,  from  some  neighboring  mine,  with  such  connec- 
tions to  pumps  and  hydrants  that  water  can  be  furnished  by 
either  mine  for  the  other's  need.  This  seems  to  be  a  fair  case 
for  co-operation  among  several  adjacent  properties,  lessening  the 
expense  and  increasing  the  efficiency  of  protection  against  fire. 

In  the  case  here  under  consideration  relief-measures  w^ould 
have  been  more  effective  if  the  means  had  been  more  promptly 
at  hand,  and  hence  the  following  observations : 

e.  Underground  connections  with  other  mines  are  to  be 
avoided ;  but  where  they  exist  they  should  be  fitted  with  heavy 
air-tight  bulkheads,  with  passage-traps  if  necessary.  Main  air- 
ways should  be  supplied  with  tight  doors.  In  stoping  close  to 
boundary-lines  it  should  be  a  first  principle  that  a  solid  pillar  of 
rock  between  mines  is  the  best  of  protections,  since  ordinary 
filled  ground  will  leak  enough  air  to  keep  a  fire  alive  for  months. 

/.  A  hand-extinguisher  should  be  kept  at  every  dry  station. 

g.  A  tank-car  and  a  hand-pump  should  be  at  hand  for  use  in 
tunnels  or  levels. 

A  few  hundred  dollars  invested  in  simple  provisions  of  this 
kind  would  serve  as  a  most  efficient  insurance-premium. 

Mr.  Channing  has  written  adequately*  of  the  advantages  of 
close  bulkheading,  which  will  unquestionably  remain  the  stand- 
ard method  of  fighting  underground  fires ;  but  there  are  cases, 
like  the  one  here  described,  in  which  the  complete  exclusion  of 
air  is  not  practicable.  In  such  cases  the  policy  outlined  above  is 
worthy  of  consideration,  namely,  that  of  choosing  the  best  point 
of  attack  and  partially  bulkheading,  so  that  fire  and  gas  may 
draw  away  therefrom,  making  approach  possible  from  that  quar- 
ter. At  the  time  of  this  waiting,  exactly  a  month  after  the 
breaking  out  of  the  fire,  the  shaft,  from  15  feet  above  tunnel- 
level  downwards,  is  open  and  is  operated  by  a  temporary  hoist ; 
the  old  hoist-station,  which  had  caved  full,  has  been  opened; 
the  machinery  has  been  removed  and  is  now  undergoing  repairs, 
and  for  three  weeks  ore-mining  has  been  recommenced  in  the 
upper  levels,  the  product  being  handled  through  improvised 

*  Enc).  and  Min.  Jour.  Jan.  16,  1892. 
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chutes.  With  atteinpted  bulkheadino;  we  should  have  been 
entirely  excluded  from  the  mine,  and  should  be  to-day  but  just 
beginning  to  be  able  to  estimate  our  loss. 


Additions   to    the    Power-Plant   of  the    Standard    Consoli- 
dated Mining  Company. 

BY  ROBERT  OILMAN  BROWN,  BODIE,  CALIFORNIA. 

(Colorado  Meeting,  September,  1S96.) 

The  original  power-plant  of  the  Standard  Company  has  been 
described*  by  ]Mr.  T.  H.  Leggett,  late  president  and  manager 
of  the  company ;  but  since  the  presentation  of  his  paper  consid- 
erable additions  have  been  made,  which  will  be  found  interest- 
ing because  of  the  engineering  features  involved  and  of  the 
attainment  of  a  high  degree  of  flexibility  with  the  inflexible, 
two-wire,  alternating  system  of  electrical  transmission. 

Although  these  additions  have  been  completed  during  the 
last  year,  they  constitute,  to  a  large  extent,  only  the  carrying 
out  of  plans  that  belonged  to  the  original  conception  of  the 
installation. 

The  regular  operation  of  the  water-power  through  the  win- 
ter proved  very  ditflcult;  there  was  a  considerable  length  of 
ditch  to  be  kept  open,  and,  as  the  stream  is  small  and  any 
freezing  night  may  stop  the  whole  flow  of  water,  there  was  the 
additional  trouble  of  having  no  reserve  to  draw  upon.  The 
rule  for  the  winter  is,  that  after  a  night  of  hard  frost  water 
begins  to  move  in  the  canon  before  noon  on  all  but  the  coldest 
days. 

To  obviate  the  nuisance  of  the  anchor-ice,  and  to  make  avail- 
able all  of  the  water,  a  dam  of  sufficient  height  to  impound 
several  days'  run  of  water  has  been  built  across  the  canon, 
3875  feet  above  the  power-house,  and  provided  with  pressure- 
pipe  well  below  the  surface.  In  place  of  the  1571  feet  of  pipe- 
line from  penstock  to  power-house,  there  has  been  substituted  a 
line  3875  feet  Ions;  to  brine;  water  direct  from  the  dam. 

The  dam  is  of  logs,  cribbed  up  in  squares  of  about  12  feet, 
ballasted  with  earth  and  rock  and  sheathed  on  the  water-face 
with  3-inch  plank. 

*  Trans.,  xxiv. ,  315. 
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Ample  precautions  have  been  taken  against  the  working  of 
water  around  the  ends  and  bottom  bj  the  use  of  toe-piling, 
sunk  to,  and  driven  into,  iirm  cement-gravel,  and  tamped  in 
place.  The  toe-piling  is  10  feet  long  and  buried  under  10  feet 
of  rock-and-dirt-iilling,  piled  in  along  the  ends  of  the  dam. 
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Green  Creek  Dam. 


AV"hat  may  be  properly  called  the  king-log  of  the  whole  con- 
struction is  the  large  one  shown  in  Fig.  1,  at  the  bottom  of 
"  Elevation  of  Free  Face."  It  is  80  feet  long  by  more  than  3 
feet  in  diameter,  and,  to  a  certain  extent,  it  bears  the  whole 
thrust  of  the  water.     From  this,  at  the  lowest,  truncated  apex, 
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the  dam  leiigthoiis  out  by  horizontal  steps  and  terrrees,  exca- 
vated in  the  solid  gravel,  to  an  extreme  top-length  of  230  feet. 

These  and  all  of  the  other  principal  details  of  constrnction 
can  be  stndied  in  Figs.  1  to  3 ;  but  the  process  of  construction 
demands  a  few  words. 

After  the  first  few  courses  had  been  placed,  excavation  for 
the  benches  went  on  side  by  side  with  building,  the  material 
removed  by  the  one  process  being  employed  for  the  other.  As 
greater  height  was  attained  and  more  ballast  was  required, 
double  car-tracks  were  laid  along  the  dam,  skirting  the  bank, 
up  and  down  stream  where  a  breast  could  be  attacked  by 
undermining  and  caving. 

The  order  of  procedure  was  as  follows  :  On  the  completion 
of  a  single  bench-level  of  seven  or  eight  tiers  the  track  was 
removed  and  the  next  bench-level  was  carried  up  on  the  west 
bank  (right-hand  bank  in  Fig.  1)  and  out  to  the  length  of 
single  logs — perhaps  30  feet.  On  this  the  track  was  again 
started  and  filling  was  resumed,  while  the  building-gang  ad- 
vanced independently. 

The  rafters  for  the  sheathing  were  carried  up  on  the  water- 
face  as  fast  as  the  work  allowed,  and  were  closely  followed  by 
the  sheathing  itself.  This  was  carefully  caulked  witli  tamarack 
bark,  which  is  an  excellent  substitute  for  oakum,  and  can  be 
relied  on  not  to  work  out. 

Particular  care  was  taken  with  the  ballast  placed  against  the 
sheathing;  clayey  soil  was  used,  free  from  rocks,  and  tamped 
against  the  plank. 

In  joining  the  logs  only  sufficient  hewing  was  done  to  in- 
sure firm  contact.  All  cross-joints  were  secured  by  iron  drift- 
bolts,  ranging  from  |-inch  to  1  inch  in  diameter.  In  exception 
to  this  the  few  last  tiers  were  pinned  with  2-incli  split-tama- 
rack pins. 

As  the  filling  was  from  the  west  bank  the  logs  were  taken 
from  the  east,  being  handled  by  a  winch  and  snatch-block. 
Had  the  conditions  permitted,  it  would  have  been  easier  to 
keep  the  water  near  the  top  of  the  work  and  float  the  logs  down 
against  it,  only  using  the  winch  for  their  final  placing. 

The  spill-way,  35  feet  wide,  with  an  extreme  depth  of  5  feet, 
cuts  the  dam  over  the  center  of  the  stream  (Fig.  1).  It  is  lined 
on  bottom  and  sides  with  plank,  and  the  floor  stands  28  feet 
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vertically  above  the  top  of  the  strainer.  This  height  can  be 
increased  by  sectional  gates  to  32  feet,  or  1  foot  below  the  top  of 
the  clam. 


oi    c =! 


CROSS  SeCTION  C  D 


The  apron,  onto  which  this  discharges,  contracts  from  the  full 
width  at  the  top  to  18  feet  at  the  bottom,  with  a  slight  inward 
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batter  of  the  wings,  so  as  better  to  hold  the  splasli  (Figs.  1 
and  3). 

Below  this  a  dash-floor  of  logs  catches  the  force  of  the  over- 
flow (Fig.  2).  This  is  one  of  the  crucial  points  of  the  con- 
struction, and  the  greatest  care  was  taken  in  laying  it,  so  as  to 
prevent  under-washing  of  the  dam.  Selected  straight  logs  were 
laid  with  hewn  joints  on  four  transverse  mud-sills  and  secured 
with  drift-bolts. 

The  pipe-line  pierces  the  dam  on  one  side  of  this  floor  and 
on  the  same  level ;  and  on  the  other  side,  about  2  feet  lower,  is 
the  waste-pipe  (Fig.  2).  The  former  is  protected  at  its  upper 
end  by  a  coarse  wooden  strainer,  7  feet  cube,  inside  of  which 
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Green  Creek  Dam,  Details. 


is  |-inch-mesli  A\'ire  screening,  the  latter  being  intended  prin- 
cipally to  keep  out  twigs  and  tamarack-cones.  Anything  that 
passes  this  screen  will  pass  the  nozzles  at  the  wheels. 

The  fish-ladder  (a  requirement  of  the  State  law)  is  shown  in 
detail  in  Fig.  3. 

Within  the  body  of  the  dam  are  two  chambers  for  the  24- 
inch  gate-valves  in  the  power  and  waste-pipes.  These  are 
thoroughly  protected  from  frost  by  double  doors,  opening  under 
the  apron. 

The  precautions  taken  against  leakage  by  toe-piling  and 
caulking  have  proved  very  effective.     Scarcely  a  trace  of  seep- 
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age  can  be  found  below  the  dam ;  and  the  valve-chambers,  30 
feet  below  the  surface  of  the  water,  are  dry. 

In  tlie  follo\ving  tables  are  collected  the  most  important  data 
relative  to  the  construction  : 

Green  Creek  Dam. 
Dimensions  of  Dam  Proper. 

Feet. 

Length,  bottom, 80 

top, 235 

Thickness,  bottom, 60 

top, ■       ]5 

Height, 42 

Batter,  water-face,  lower  portion, 1  in  1 

"  "       "      upper       "  1  "  2 

"      free  face, .         .         .  1  "  4 

Extreme  height, 50 

Dimensions  of  Spill-  Way. 

Feet. 
Height  of  floor, 37 

Length  (across  stream), 3,5 

AVidth  (through  dam), 20 

I>eptii, 5 

Dimensions  of  Apron. 

Feet. 
Width  at  top, 35 

"      "   bottom, 13 

Length  down  slope, .       33 

Depth  (height  of  sides), 5 

Slope,  from  vertical, 1  in  2 

Dimensions  of  Dash-Floor. 

Feet. 
Length, 30 

Width, 18 

I>eptli, 5 

DimensioTis  of  Fish-Ladder. 

Feet. 

Length, .    289 

Width, 3 

Depth, 2 

Slope  from  horizontal, 1  in  7 

Nnmber  of  steps, 109 

Summary  of  Material. 
Dam  Proper. 

Sawn  lumber, 49,000  feet,  B.  M. 

Toe-piling, 472  pieces 

Logs, 908     " 
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Spill-  Way  and  Apron. 


Sawn  lumber, 


4000  feet,  B.  M. 


Fish-Ladder. 
Sawn  lumber, 12,000  feet,  B.  M. 

Cost  of  general  supplies  for  whole  work,  about  $1000. 


Ratio  of  labor  to  all  other  expenses, 

Average  number  of  men  on  dam,  . 

Labor,  total  number  of  shifts, 

Average  number  of  men  on  pipe-line. 

Labor,  total  number  of  shifts, 

Total  time  of  construction. 

Stoppage  of  plant  for  changes  in  pipe-line, 


2:1 
33 

6000 

11 
2000 

26  weeks. 

18  days. 


The  stability  of  the  dam  is  demonstrated  in  Fig.  4,  the  broken 
lines  representing  an  addition  of  10  feet  to  the  height  of  the 
structure.  The  solid  lines  show  the  pressure-lines  of  the  pre- 
sent dam.  The  principal  data  given  on  the  stress-sheet  all  in- 
dicate insignificant  pressures  as  compared  with  the  resistance  ; 
but  it  must  be  borne  in  mind  that  the  regular  stresses  are  the 
least  that  are  to  be  borne,  the  extraordinary  ones  of  flood  and 
mountain  cloud-burst  being  always  among  the  possibilities.  It 
was  with  the  view  of  guarding  against  these  that  the  more 
generous  proportions  were  adopted. 

The  initial  leng*th  of  the  pipe-line  is  a  20-foot  taper  piece,  30 
to  24  inches  in  diameter,  the  latter  being  the  size  of  the  head 
gate-valve. 

The  diameter  further  decreases  wnth  increase  of  pressure. 
The  pipe  is  all  double-riveted,  dipped  and  provided  with  slip- 
joints  to  within  650  feet  of  the  station,  where  collar-and-sleeve 
lead-joints  are  used.  It  is  laid  in  a  trench,  much  of  which  was 
rock-cutting,  and  is  covered  wdth  12  to  18  inches  of  earth. 
Along  its  length  there  are  seven  air-valves  to  prevent  collapse. 


Table  of  Pipe. 


Diameter.       Thickness 
Inches.  of  iron. 

30  to  24,  No.  14, 


24, 
22, 
22, 
20, 
18, 


H, 
16, 
1-1, 
14, 
14, 


Length. 

Feet. 

20 

1193 

365 

1193 

482 

655 


Total, 


3908 
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The  vertical  height  obtaiued  is  342.8  feet,  representing  a 
static  gauge-pressure  of  150  pounds,  and  the  kinetic  head,  cal- 
culated from  the  observed  running  pressure  of  146  pounds,  is 
334  feet,  giving  a  loss  from  pipe-friction  of  8.8  feet.  It  may 
be  noted  liere  that  in  this  there  is  an  excess  of  3.7  feet  above 
the  theoretical  loss  of  head  due  to  friction  in  the  pipe.  It  is 
quite  possible  that  this  results  from  the  position  of  the  gauge 
on  the  pressure-drum,  which  is  such  that  the  eddies,  due  to  the 
enlargement,  would  there  be  greatest. 

To  increase  the  power  delivered  by  the  generator,  the  speed 
has  been  increased  from  870  to  990  revolutions,  and  to  give  the 
wheels  greater  resilience  against  sudden  load,  the  nozzles  have 
been  enlarged  to  1^  and  1-^  inches.  There  are  some  draw- 
backs to  this  change  of  nozzles,  as  the  efficiency  of  the  water  is 
seriously  impaired  by  running  under  ordinary  load  with  the 
butterfly  regulating-valves  partly  closed ;  and  in  time  of  low 
water,  it  has  been  necessary  to  revert  to  the  smaller  nozzles. 
But  even  in  this  case  the  drop  of  speed,  at  a  sudden  increase  of 
load,  is  only  to  be  told  by  the  drop  in  the  hum  of  the  machine 
and  a  slight  wave  in  the  incandescent-light  circuits.  Possibly 
the  retard  would  amount  to  4  per  cent,  for  ten  seconds. 

As  an  offset  to  this,  at  the  Bodie  end  of  the  line,  the  5|-ton 
fly-wheel  of  the  mill-engine  has  been  belted  on  to  the  line-shaft, 
lessening  materially  the  drop  due  to  the  sudden  throwing  on  of 
the  mine-hoist. 

The  question  of  a  suitable  governing-valve  for  high-water 
velocities  is  an  absorbing  one.  The  ideal  valve  would  be  one 
that  diminished  the  volume  passing  (i.e.,  the  cross-section  of  the 
pipe)  without  increasing  the  loss  of  head  due  to  friction. 

Such  a  valve  is  probably  not  mechanically  attainable,  and  of 
the  three  common  kinds,  the  gate-valve,  the  plug-cock  and  the 
throttle  (butterfly),  the  last  seems  to  be  the  best  for  large,  the 
gate  for  medium  and  the  plug-cock  for  very  small  ranges.  This 
will  be  seen  from  the  following  table,  prepared  from  Weisbach's 
tables  on  valve-resistance,*  by  proportional  interpolations.  The 
degrees  given  in  this  table  belong  to  the  plug-cock,  and  repre- 
sent the  angle  with  the  axis  of  the  pipe ;  the  area-ratio  is  that 
of  the  valve-opening  to  the  area  of  the  pipe. 

*  See  Coxe's  translation  of  Weisbach's  Mechanics  of  Engineering,  7th  ed.,  pp. 
900-902. 
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Coefficients  of  Valve-Resistance. 


Angle 

5° 

15° 

25° 

35° 

45° 

Area-ratio 

0.926 

0.772 

0.613 

0.458 

0.315 

Plug-cock 

0.05 

0.75 

3.10 

9.68 

17.3 

Gate-valve 

0.12 

0.67 

2.02 

6.19 

17. 

Throttle 

0.20 

0.75 

2.08 

5.09 

16. 

Suggestive  as  this  table  is,  too  much  stress  must  not  be  laid 
upon  it ;  such  results  clearly  depend  largely  upon  the  propor- 
tions of  the  individual  valves  used  in  the  determination. 

It  can  be  added  that,  assuming  the  above  as  fairly  correct, 
the  loss  in  each  nozzle,  at  the  ordinary  position  of  the  butter- 
fly, is  more  than  6  feet  in  head,  or  a  total  of  25  feet  for  the 
four  wheels. 

The  Doolittle  differential  governor  is  very  delicate  in  its  ad- 
justment of  the  speed,  and  it  is  interesting  to  watch  the  parallel- 
ism between  its  motions  and  the  rise  and  fall  of  the  ammeter. 
As  a  regulating  device,  it  gives  complete  satisfaction. 

As  first  constructed,  the  receiver  was  anchored  against  the 
thrust  of  the  water  by  wire  cables ;  but  such  supports  proved 
not  rigid  enough,  allowing,  by  their  contraction  and  expansion, 
sufficient  motion  to  throw  the  nozzles  out  of  line  with  the 
wheels.  To  obviate  this  defect,  the  receiver  has  been  cased  in 
a  timber  frame  or  crate,  with  longitudinal  and  transverse  bolts, 
and  the  whole  braced,  by  long  struts  at  top  and  bottom,  against 
two  deeply-buried  "  dead-men,"  which  effectually  take  the 
thrust. 

The  only  change  in  the  electrical  part  of  the  generating-sta- 
tion  has  been  replacing  the  fuller-board  cells  for  the  armature- 
coils  by  pure  mica-cells,  which  heavy  form  of  insulation  has  left 
the  Bodie  end  of  the  line  the  weaker,  and  it  is  at  that  end  now, 
if  at  all,  that  the  troubles  from  lightning  occur. 

In  this  connection  a  few  words  must  be  given  to  the  annoy- 
ance suffered  from  lightning,  and  the  precautions  taken  against 
it.  Mr,  Leggett  has  discussed  the  subject  fully  in  a  paper  pub- 
lished in  the  12th  report  of  the  California  State  Mineralogist, 
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1894,  but  ill  his  paper  before  the  Institute  only  passing  refer- 
ence was  made  to  it. 

The  safeguards  adopted  at  Bodie  are  substantially  those  out- 
lined by  Mr,  A.  J.  Wurts,*  as  installed  with  satisfaction  by 
himself  at  Telluride,  Colo. 


Fig.  5 


A,  Arrpstors;  C,  Choke  Colls;  I,  Inductive  Resistances. 

Arrangement  of  Lightning-Arresters. 

Twelve  1000-volt  non-arcing  lightning-arresters,  with  18-inch 
choke-coils,  have  been  placed  in  an  arrester-house,  outside  of 
the  station,  at  each  end  of  the  line,  and  connected  as  shown  in 
Fig.  5.  The  "  ground  "  consists  of  a  copper-plate  of  6  square 
feet  area,  with  fine  charcoal  above  and  below.     At  the  receiv- 

*  Trans.  Am.  InsUof  Ekdrkal  Engrs.,  vol.  xi.,  p.  337,  May,  1894. 
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ing-end,  where  the  ground  is  dry,  moisture  is  supplied  by  a 
small  water-pipe.  In  addition  to  these,  there  are  three  1000- 
volt  station-arresters  on  the  switch-board,  and  the  line-wires 
have  at  their  terminals  inductive  resistances  (Fig.  5)  for  the 
gradual  discharge  to  ground  of  static  accumulations  on  the 
line,  if  there  be  any  such. 

The  theory  under  which  such  a  protection  is  provided  is  that 
the  lightning-discharges,  being  highly  oscillatory,  are  dammed 
back  in  the  choke-coils  by  their  own  inductive  resistances  and 
leap  the  gaps  in  the  arresters  in  place  of  passing  on  to  the  ma- 
chines, while  the  power-current,  of  comparatively  few  oscilla- 
tions, is  but  faintly  aftected.  By  connecting  these  coils  in 
series  the  end  is  served  of  repeatedly  "  sifting  the  siftings,"  a 
phrase  that  becomes  clear  if  each  coil  be  viewed  as  a  rather  im- 
perfect screen  for  the  sifting  out  of  thunder-bolts.  It  is  possible 
also  that  ha\dng  the  protection  at  several  adjacent  points  of  the 
line  is  an  advantage,  as  there  seem  to  be  shifting  nodal  points, 
from  which  the  storm-discharge  cannot  be  drawn.  The  exist- 
ence of  these  is  only  surmised,  and  their  law  is  totally  unformu- 
lated ;  but  it  is  obvious  that  several  points  of  possible  discharge 
lessen  the  probability  of  the  arrester-mechanism  being  con- 
nected at  a  nodal  point. 

To  what  degree  these  arrangements  protect  the  machinery 
can  be  best  understood  after  a  visit  to  the  arrester-house  during 
an  electric  storm,  when  the  discharges  will  be  grounding 
through  the  arresters  at  the  rate  of  one  a  second  for  a  period 
of  from  5  minutes  to  J  hour.  But  not  all  of  them  go  that 
road,  and  sometimes  a  bolt  wdll  puncture  the  insulation  on  sev- 
eral coils  at  once.  Thus  the  first  storm  of  the  summer  season 
of  1896  broke  without  warning,  and,  almost  at  the  first  flash, 
short-circuited  five  armature-coils  in  the  motor,  and  a  day  or 
two  later,  out  of  a  moderately  cloudy  sky,  a  bolt  came  in,  passing 
all  the  arresters  and  punctured  another  coil,  and  this  while  the 
arresters  were  freely  snapping. 

The  term  "  bolt  "  has  been  used,  but  as  a  matter  of  fact  it  is 
not  generally  believed  that  the  "  lightning  "  which  troubles  the 
machines  is  more  than  the  inductive  result  of  heavy  discharges 
between  cloud  and  cloud,  or  cloud  and  earth,  or  perhaps  re- 
sults even  from  the  proximity  of  electrified  vapor  masses  to  the 
line.     Probably  a  genuine  bolt  would  make  itself  felt  in  a  more 
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serious  way  than  the  puncturing  of  a  few  millimeters  of  insu- 
lation. 

The  only  addition  to  the  alternating-current  plant  has  been 
the  "  exciter,"  placed  in  the  motor-room,  so  as  to  do  away  with 
the  sliding  contacts  on  the  commutator,  which  were  a  continual 
source  of  dissatisfiiction.  This  is  a  four-pole,  D.  C  65-volt, 
1300-r.p.m.  generator,  belted  by  a  specially-constructed  pulley 
to  the  motor-shaft. 

The  prime  cause  for  increasing  the  power,  as  described 
above,  was  the  extension  of  the  plant  to  include  hoisting  and 
pumping  operations  in  the  mine.  In  the  summer  of  1894  the 
hoisting-works  of  the  company  were  completely  destroyed  by 


rig.  0 


Arrangement  of  Driving-Beits. 

fire,  and  it  was  then  decided  not  to  rebuild,  but  to  put  in  an 
underground  hoist  and  send  out  all  rock  and  ore  through  the 
tunnel,  about  350  feet  below  the  collar  of  the  shaft. 

To  accomplish  this  a  90-K.  W.,  500-volt,  direct-current,  multi- 
polar generator  was  installed  in  the  motor-room  at  Bodie, 
driven  with  an  under-belt  from  the  main  A.  C.  motor-pulley,  as 
shown  in  the  diagram.  Fig.  6,  and  also  very  clearly  in  Plate 
B.  This  method  of  distributing  power  from  one  pulley  has 
proved  very  effective,  and  was  in  this  case  the  only  way  of  di- 
rectly operating  the  additional  machinery.  Plate  B  gives  also 
a  partial  view  of  the  direct-current  switch-board.  The  auto- 
matic circuit-breaker  and  double  jaw-switch  are  the  most 
prominent  features  on  this  board ;  but  between  the  lower  belts 
can  be  seen  the  wheel  of  the  regulating  resistance.  It  is 
further  fitted  with  volt-  and  ammeter  and  lightning-arresters. 
The  circuit-breaker  is  of  the  General  Electric  Co.'s  make,  with 
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a  carrying-capacity  of  from  300  to  500  amperes,  adjusted  to 
open  the  line  automatically  in  case  of  a  dangerous  flow  of  cur- 
rent. It  has  successfully  come  into  operation  on  more  than 
one  short-circuit  in  the  line  and  protected  the  machines. 

The  current  from  the  D.  C.  generator  is  carried  by  four  No. 
1  bare  wires  1200  feet  to  the  tunnel-mouth,  and  thence  by  two 
]!^o.  000  covered  cables  800  feet  to  the  shaft.  Here  there  is  a 
further  connection  by  No.  0  covered  cables  for  500  feet,  down 
to  the  pump.  From  the  tunnel-mouth  there  is  a  600-foot 
branch  of  two  No.  1  bare  wires  to  the  tailing-plant,  where  a 
small  amount  is  used  for  lighting  (five  100-volt  lamps,  con- 
nected in  series)  and  to  run  a  3-K.W.  bi-polar  motor. 

There  are  no  data  for  an  exact  analysis  of  the  work  of  the 
various  D.  C.  machines;  but  from  the  hourly  record  of  the 
motor-men  the  following  has  been  averaged : 

Horse-power. 
Lighting  and  line-loss,        ........       3 

Tailings-plant  motor,  .         ......         .3 

Mine-hoist,         ..........     33 

Mine-pump,        ..........     31 

The  interest  of  these  figures  lies  chiefly  in  the  distribution 
of  the  work  indicated.  It  is  to  be  noted  also  that  the  pump 
and  hoist  are  never  run  together,  as  pumping  is  only  resorted 
to  at  intervals,  when  water  is  needed  at  the  surface-plants. 

First  in  importance  of  the  D.  C.  motors  is  the  mine-hoist. 
This  is  placed  on  tunnel-level,  350  feet  below  the  collar  of  the 
shaft,  and  operates  from  below  the  800-foot  level  to  the  240- 
foot  level,  the  landing-station  for  ore  and  waste  being  30  feet 
above  the  tunnel. 

The  hoist  is  an  ordinary  small  Lidgerwood  geared,  and  fitted 
with  the  double  conical  friction-clutch  of  that  make.  On  the 
same  bed  is  mounted  a  General  Electric  Co.  50  H.P.,  P."W.  iron- 
clad motor,  acting  through  two  reduction-gears,  with  a  propor- 
tion between  extremes  of  14  revolutions  to  1.  This  gives  to 
the  drum  a  maximum  of  30  revolutions  and  to  the  rope  a  linear 
velocity  of  300  feet  per  minute.  But  with  loaded  cage  this  be- 
comes 240  feet  per  minute.  The  plain  iron  drum  has  been 
divided  into  halves  by  a  wooden  flange,  bolted  through  the 
shell  and  stiftened  by  an  iron  rim,  to  permit  the  use  of  a 
counterbalance-cage.  The  rheostat  is  of  type  83,  General 
Electric  Co.'s  make. 
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Fig.  7  shows  in  diagram  the  arrangement  of  sheaves,  sta- 
tion, shaft,  etc.  Particular  attention  should  he  paid  to  the 
counterbalancing  device.  It  is  ol)vious  that  with  this  arrange- 
ment of  sheaves,  which  is  the  one  demanded  by  the  situation, 
the  counter-balance  cannot  have  equal  travel  with  the  cage.  The 
running  sheave  eliminates  this  difficulty,  and  the  only  elements 


Running  Sheave 
Coun  ter-balan  ee 


Head  Sheave 


Angle  Sheave 


Cage 


Counterbalanced  Hoist. 


of  the  arrangement  that  suffer  are  the  rope,  which  turns  over 
a  rather  small  sheave,  and  the  counterbalance-cage,  which  car- 
ries double  weight  to  compensate  for  half-travel.  The  latter  is, 
of  course,  easily  allowed  for  by  the  construction  of  the  cage, 
and  the  former  is  of  comparative  insignificance  where,  even 
under  such  unfavorable  conditions,  the  cost  of  rope  amounts  to 
less  than  one  cent  per  ton  of  ore  handled. 

The  counterbalance  is  adjusted  so  as  to  nearly  equalize  the 
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work  of  the  motor  on  up-  and  down-trips,  with  the  conse- 
quence that  it  is  heavy  enough  to  pull  up  the  empty  cage.  The 
advantages  of  such  a  balancing  are  to  be  seen  with  particu- 
lar clearness  in  the  present  instance,  where  30  H.-P.  for  A 
hours  can  be  better  spared  than  50  for  |-  hours ;  that  is,  where 
the  limit  of  the  available  power  is  nearly  reached. 

The  fire  of  April,  1896,  which  has  been  made  the  subject  of 
a  few  notes  for  the  Institute  (ante,  p.  315),  attacked  this  part  of 
the  mine,  and  no  better  proof  could  be  adduced  of  the  satisfac- 
tory operation  of  the  arrangement  above  described  than  the  fact 
the  whole  is  now  being  restored  to  practically  the  original  shape. 

The  pump  is  a  Dow  triple-plunger  working  under  the  con- 
siderable head  of  520  feet,  and  driv^en  by  a  quadri-polar  30 
H.-P.  motor,  working  600  revolutions  per  minute  and  reducing 
by  two  sets  of  gears  to  52  strokes  for  the  plungers.  The 
motor-pinion  is  of  raw-hide,  which  was  chosen  for  its  insulat- 
ing qualities,  but  has  proved  itself  unsuitable  for  occasional 
use,  as  in  this  case,  in  a  damp  atmosphere.  A  couple  of  days  of 
idleness  causes  the  layers  of  hide  to  bulge  out  irregularly,  in- 
creasing largely  the  friction,  and  an  enforced  disuse  of  several 
weeks,  as  at  the  time  of  the  fire,  has  made  it  useless. 

At  the  customary  speed  of  46  revolutions  (=  138  plunger- 
strokes)  per  minute,  the  pump  delivers  108  gallons  per  minute, 
with  an  expenditure  of  29  H.-P.  It  is  interesting  to  note  in  this 
connection  that  the  actual  work  of  raising  the  water,  exclusive 
of  friction,  is  17  H.-P.,  leaving  what  seems  the  extreme  amount 
of  12  H.-P.  as  absorbed  by  machinery  and  water-friction. 

There  is  a  sinking-pump  attachment  to  the  station-pump, 
which  acts  through  the  medium  of  the  large,  small-toothed 
gear,  to  be  seen  fronting  the  man  in  plate  C,  and  in  Fig.  8  as 
well.  The  "  sinker  "  is  hung  at  the  surface  of  the  water,  40 
feet  below  the  station-floor.  It  is  a  double-bucket  lift-pump, 
connected,  as  shown  in  the  diagram,  to  the  acute  angles  of  the 
small  iron  bob  set  in  the  shaft,  which  in  turn  acquires  its  mo- 
tion from  the  large  spur  through  a  connecting-rod. 

As  a  means  of  adjusting  the  water  raised  by  the  sinking  to 
the  needs  of  the  station-pump,  a  limited  modification  of  stroke 
is  provided  for  by  the  two  pins,  A  and  B,  at  the  obtuse  angle 
of  the  bob,  to  either  of  which  the  pitman  can  be  attached. 

The  rods  are  l|-inch  round  iron,  running  in  wooden  guides, 
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and  the  water  discliargcs  into  a  tank,  from  which  the  main 
pump  draws,  but  docs  not  lift. 

Fig.  8 


Sinking-Pump. 

The  whole  sinking-pump  device  is  admirable  in  design  and 
operation. 
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In  closing,  it  will  not  be  amiss  to  toucli  briefly  upon  tbe 
salient  points  of  the  administration  of  the  plant. 

All  the  machinery  is  under  the  care  of  a  competent  electri- 
cal engineer.  At  the  power-house  there  are  two  men  and  a 
cook;  at  the  motor-room,  two  men,  and  at  the  hoist  two  men — 
a  total  of  six  men  and  one  boy  (cook)  for  24  hours'  work ;  in 
addition  to  which  a  pump-man  is  taken  from  other  work  in  the 
mine  for  about  half  a  shift  daily. 

About  once  in  three  weeks  the  whole  plant  is  stopped  for  a 
couple  of  hours  to  change  oil  in  the  boxes,  examine  belts,  look 
over  the  machines,  test  for  grounds,  etc. ;  but  several  contin- 
uous runs  of  over  four  weeks  have  been  made. 

An  hourly  record  is  kept  at  both  power-house  and  motor- 
room  of  the  readings  of  the  various  instruments,  which  serves 
to  keep  the  men  up  to  their  duty  as  well  as  to  furnish  tolerably 
accurate  data  of  the  work  of  the  machines.  At  the  pump  a 
similar  record  is  kept  of  hours  run,  strokes  of  pump  and  gal- 
lons of  water  raised,  and  in  the  oflice,  as  a  final  check  on  work 
at  all  parts  of  the  plant,  there  is  a  recording  Bristol  voltmeter 
on  the  high-tension  circuit. 

Considerable  space  has  been  given  in  the  foregoing  pages  to 
difficulties  and  defects,  under  the  conviction  that  their  study  is 
their  antidote. 

In  conclusion,  the  writer  would  say  that  a  certain  familiarity 
wdth  the  original  plant  has  of  necessity  been  taken  for  granted, 
and  that  any  obscurities  can  be  made  clear  by  a  study  of  the 
remarkably  interesting  and  valuable  paper  of  Mr.  Leggett,  to 
which  reference  has  been  more  than  once  made.  To  that 
paper  the  present  is  hardly  more  than  an  appendix,  just  as  in 
great  degree  the  portions  of  the  power-plant  which  it  describes 
were  but  the  completion  of  the  originally  conceived  plan.  The 
electrical  additions  were  all  installed  under  the  advice  and  su- 
pervision of  Mr.  Fred.  H.  Davis,  Electrical  Engineer  of  the 
Westinghouse  Co. 
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The  Newton-Chambers  System  of  Saving  the  By-Products 
of  Coke-Manufacture  in  Bee-Hive  Ovens. 

BY  ROBERT  A.  COOK,  NEW  BRUNSWICK,  N.  J. 

(Pittsburgh  Meeting,  February,  1896.) 

In  the  increasing  struggle  to  cheapen  the  cost  of  our  iron  and 
steel  products  a  great  deal  of  attention  has  been  given  to 
economies  in  the  manutacture  of  coke ;  and  while  but  little  has 
been  accomplished  in  this  direction  in  the  United  States,  the 
narrow  margin  between  cost  and  market-price,  which  has 
obtained  here  for  the  past  few  years  of  continuing  manufactur- 
ing depression,  has  brought  the  coke-maker  face  to  face  with 
the  problem,  how  to  save,  and  benefit  b}'  it,  the  hitherto  w^aste 
products  of  distillation. 

These  may  be  summed  up  under  three  heads,  generally  rank- 
ing, in  value,  in  the  following  order: 

1.  Ammonia  salts. 

2.  Oil-  or  tar-products. 

3.  Gas. 

There  are  cases  in  which  the  last  may  assume  the  position  of 
greatest  importance. 

The  greatest  obstacle  encountered  by  the  American  coke- 
maker,  on  investigating  the  subject,  has  been  the  apparent 
necessity  of  discarding  his  existing  plant  of  bee-hive  ovens,  and 
erecting  an  entirely  new  and  very  expensive  system  of  retort- 
ovens,  against  the  product  of  which  he  has  probably  been  pre- 
judiced from  his  earliest  knowledge  of  the  subject. 

The  object  of  this  paper  is  to  bring  prominently  before  our 
coke-experts  a  brief  history  of  the  development  at  Shefheld, 
England,  of  a  most  successful  system  of  the  utilization  of  by- 
products in  connection  with  an  already  existing  jtlant  of  bee- 
hive ovens.  This  system  has  now  been  in  satisfactory  oj)eration 
for  about  five  years,  and  is  applied  to  a  series  of  blocks  of  ovens, 
comprising  about  100  in  all. 

At  this  plant,  belonging  to  the  w^ell-knowni  firm  of  Newton, 
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Chambers  &  Co.,  Limited,  Tlioriu'litfe  Collieries,  Sheffield,  the 
gas  from  the  ovens  is  utilized  for  generating  all  the  steam  used 
about  the  works,  and  the  oil  and  ammonia  are  recovered.  One 
great  advantage  is  that  if  any  hitch  should  occur  in  the  by- 
product-plant, the  ovens  can  be  operated  in  the  usual  way,  and 
not  the  slightest  delay  or  irregularity  need  occur  in  the  numu- 

Fk;.   1. 


ThornclitYe  Coke-Ovens. 

facture  aftecting  the  quantity  or  quality  of  the  coke  produced. 
In  fact,  the  saving  of  the  waste  product  is  purely  an  adjunct 
to  the  operations  of  the  coke-plant. 

The  Thorncliffe  plant,  shown  in  Fig.  1,  consists  of  ordinary 
Yorkshire  bee-hive  ovens,  11  feet  in  diameter,  by  8|  feet  high. 
They  are  more  carefully  built  than  is  usually  the  practice  in 
this  country,  the  fire-brick  being  backed  in  a  4-inch  course  of 
red  brick,  and  the  spaces  between  the  ovens  being  concreted 
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instead  of  rammed  with  clay.  The  ovens  are  thus  more  likely 
to  be  gas-  and  air-tight,  and  have  prol)ahly  twice  as  long  a  life. 
The  following  are  the  attachments  constituting  the  system : 
1,  A  fire-clay  pipe  is  l)uilt  into  the  crown  of  tlie  oven,  passing 
completely  around  the  dome,  close  to  the  inner  lining  and  near 
the  spring  of  the  arch.     One  end  passes  to  the  outside  of  the 

Fig.  2. 


Latrobe  Coke-Ovens. 

oven,  where  it  connects  with  an  iron  l»hist-})ipe,  or  main  ;  the 
other  end,  entering  tlic  oven  above  the  charge,  furnishes  a 
supply  of  heated  air  re(piired  for  the  coking  o[)eration. 

2.  An  opening,  left  in  the  bottom  or  floor  of  the  oven,  near 
the  door,  conininnicating  with  a  cast-iron  liy(h'aulic  nniin,  for 
cooling  purj)oses,  serves  to  take  oft  the  liquid  aiul  gaseous  |)ro- 
ducts  of  distillation.  To  the  hydraulic  main  is  attached  an  oil- 
drip,  which  separates  the  heavier  liquids;    and  the  gas  passes 
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on  through  the  surface-condensers,  consisting  of  light  cast-iron 
pipes,  set  close  to  each  oven.  In  these  condensers  the  further 
separation  of  oil  and  liquor  from  the  gas  takes  place,  and  every- 
tliinii'  j)asses  thence  to  a  24-inch  main  h'uding  to  the  settling- 
tank. 

3.   The  gas  passes  on  from  the  upper  [tortion  of  this  tank  to 

Fig.  3. 


Lali 


C  ()ki'-()\ <.'ii> 


the  boiler-house,  where  it  heats  8  large  Lancashire  boilers,  and 
is  conveyed  thence  to  a  stack  150  feet  high. 

liefore  the  introduction  of  this  gas  for  fuel,  the  weekly  con- 
sumption of  coal  under  these  boilers  was  200  gross  tons.  This 
has  l)een  entirely  done  away  with  ;  and,  as  the  gas  is  the  waste 
product  of  ovens  using  1000  tons  of  coal  per  week,  the  saving 
is  equivalent  to  20  per  cent,  of  the  coal  coked.  These  boilers 
have  been  running  steadily  without  the  intervention  of  a  gas- 
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holder  or  other  pressure-regulator  since  the  attachment  was  first 
made. 

4.  An  elaborate  system  of  tanks  and  stills  has  been  developed 
at  Thornclifte  for  the  complete  separation  of  the  various  oil- 
products.  After  taking  oft"  the  last  traces  of  ammonia  liquor, 
these  oils  are  found  to  give  several  grades  of    high-solvent 


Fig.  4. 


Latrobe  Coke-ovens. 


naphtha,  burning-tluid,  heavy-oil  (used  for  lul)ricating),  some 
hitherto  unknown  phenols,  and,  finally,  a  low  percentage  of 
very  fine  pitch.  Carbolic  acid  has  not  been  found,  showing  a 
complete  variance  in  the  process  from  that  of  the  retort  system. 
Tlie  great  value  of  the  new  plienols  for  medical  and  antiseptic 
purposes  has  rapidly  developed,  in  that  respect,  a  large  and  im- 
portant l)usiness. 
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Oil  Ji  tost  of  nine  months  the  liy-products  recovered  were,  in 
addition  to  the  li-as,  5J  pounds  of  aninioniuni  sulpluite  and  1» 
o-allons  of  c-ru(k'  oil  per  ton  of  eoal.  Tlie  h)w  return  of  am- 
monium sulphate  was  due  to  the  omission  of  any  seruhhiiii;- 
apparatus.  Suhsequent  tests  witli  the  use  of  a  scruhher  showed 
the  ammonium-3'ield  to  be  about  trebled. 


Fig.  5. 


Mechanical  (.'()kt'-l)ra\vcr. 

The  whole  plant  is  of  the  simplest  design,  the  result  of  many 
years  of  experimentation,  and  within  the  comprehension  of  the 
ordinary  laborers  usually  employed  about  coke-works. 

The  coke  cannot  be  distiiii;'uislied,  eitlier  in  appearance  or 
in  practical  use,  from  that  made  in  bee-hive  ovens  in  the  ordi- 
nary way. 

Ill  buniinii'  under  this  system,  the  doors  are  kept  closed  and 
luted,  only  air  enough  being  admitted  for  the  combustion  of 
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an  amount  of  gas  sufficient  for  the  coking,  thus  leaving  the 
coke  quite  free  from  any  ash ;  and,  on  opening  the  ovens,  the 
charge  is  found  at  the  same  height  in  front  as  behind.  The 
yield  has  been  very  close  to  the  amount  of  fixed  carbon  plus 
ash,  or  70  per  cent,  in  a  coal  containing  about  30  per  cent,  of 
volatile  matter. 


An  experimental  [dant  has  Tjeeii  put  up  at  Latrobe,  Pa.,  con- 
sisting of  a  block  of  30  12-foot  ovens  in  double  row,  15  in  a 
row,  and  staggered. 

The  chief  difference  between  this  plant  and  the  English  one 
first  described  is  that  here  we  pass  all  the  gas  through  2  40- 
foot  scrubbers,  using  a  small  Sturtevant  fan  in  lieu  of  chimney- 
draft. 

Figs.  2,  3,  4  and  5  show  ditterent  views  of  this  plant,  and 
bring  out  quite  clearly  the  salient  features. 

It  is  equipped  with  longitudinal  conveyers  on  either  side, 
discharging  at  one  end  upon  a  cross-conveyer  (shown  in  Figs. 
3  and  4),  which,  in  turn,  carries  the  coke  to  a  sufficient  eleva- 
tion to  permit  it  to  be  screened  into  the  cars. 

The  operation  of  drawing  the  contents  of  an  oven  upon  the 
conveyer  by  means  of  the  "  mechanical  coke-drawer  "  is  shown 
in  Fig.  5. 

This  plant  has  also  been  furnished  with  a  simple  and  ex- 
tremely efficient  apparatus  for  concentrating  the  ammoniacal 
liquor  to  a  standard  strength  before  shipping. 

The  oil,  after  separation  from  the  ammoniacal  liquor,  is 
drawn  into  tank-cars  and  shipped.  It  possesses  a  value  some- 
what in  excess  of  that  of  the  tar-products  of  the  retort-system, 
and  is  more  easily  manipulateil. 

Tliis  plant  is,  while  small,  very  complete.  It  is,  unfortunately, 
at  tlie  present  time,  n(»t  in  operation,  by  reason  of  the  lack  of 
orders  for  coke;  but  with  tlie  eai-ly  resuinption  of  operation 
now  looked  for,  it  will  ofier  a  very  advantageous  opi)ortunity 
for  examination  to  those  whose  interest  mav  liave  been  aroused. 
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A  Mechanical  Coke-Drawer. 

BY  ROBERT  A.  COOK,  NEW  BRUNSWICK,  N.  J. 

(PittsburKh  fleeting.  February,  1896.) 

Among  tlu'  new  devices  for  eliea]»eniiii>;  tlie  cost  of  material 
enteriiiii'  into  the  maiiufaeture  of  iron  is  the  iiieehaniea]  draw- 
ing of  eoke,  by  which  the  coke  from  heediive  ovens  is  extrat-ted 
with  a  minimum  of  manual  labor. 

Alxnit  twenty  years  ago,  an  ordinary  plate-cduveyer  was  }»ut 
in  use  at  the  plant  of  bee-hive  coke-oveus  owned  by  the  firm  of 
Bell  Bros.  &  Co.,  near  Middlesboro,  England.  This  conveyer 
ran  close  along  the  front  of  the  ovens,  and  carried  the  coke  to 
the  cars.  The  ovens  were  drawn  by  liand,  and  a  very  great 
saving  in  cost  was  secured,  as  one  man  could  draw  and  clean 
out  twice  as  many  ovens  after  the  conveyer  was  put  in  use — he 
having  no  forking  to  do,  and  the  coke  being  carried  away  as 
fast  as  it  was  drawn  to  the  mouth  of  the  oven. 

The  next  step  was  further  to  eliminate  hand-labor  as  far  as 
possible;  and  Mr.  Thomas  Smith  of  the  Thornclitfe  Iron  Works, 
near  Sheffield,  patented  in  1891  the  nuichine  for  drawing  coke 
which  I  here  describe. 

This  machine,  the  outcome  of  several  years  of  experimenting, 
has  now  been  in  successful  use  since  1891,  and  there  are  be- 
tween twenty  and  tliirty  of  them  in  operation  at  j>resent,  and 
others  l»uilding. 

The  niachint',  a-^  may  I)e  seen  from  Figs.  1  and  '2,  consists  of 
a  Wedge-shaped  shovel  of  pro[ier  width  and  thickness,  connected 
with  a  steel  rack  of  sufficient  length  to  reach  the  back  of  the 
oven.  The  rack  is  sup^torted  by  rolls,  and  guided  by  a  device 
operated  by  a  hand-wheel,  which  directs  tlie  shovel  in  the  oven. 

Tlu'  rack  is  di-iven  by  a  i)inion  on  a  \ertical  shaft  carrying  a 
bevel-gear  on  the  np[ier  end.  '^fliis  bevel-gear  is  driven  by  an- 
other on  the  engine-shaft. 

The  engine  is  single-cylinder,  with  reversible  gear;  and  en- 
gine and  machine  are  mounted  on  a  truck,  which  is  propelled 
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along  the  track  in  front  of  the  oven  hy  a  worm  and  gear,  con- 
nected by  a  chitch  to  the  engine-sliaft. 

A  nine  II.  P.  boiler,  on  a  separate  truck,  is  coupled  to  the  nia 
chine  and  gives  ample  steam  both  for  propelling  and  operating. 

In  entering  the  oven,  the  shovel  runs  under  the  coke,  and  as 
the  shovel  is  withdrawn,  the  coke,  dropping  behind  the  thick 
end  of  the  wedge,  comes  witli  it. 

Fig.  1. 


Mechanical  Coke-Drawer. 

The  first  of  these  machines  to  work  in  this  country  was  made 
from  English  drawings  by  Messrs.  McLanahan  &  Stone,  Holli- 
daysburg.  Pa.,  and  lias  been  in  operation  for  the  past  month  at 
tlie  plant  of  tlie  Latr()l)e  C'oal  Co.,  Latrobe,  Pa.  There  i.s  also 
at  the  sanic  plant  an  English-built  machine,  imported  from  the 
Tiiorncliffe  Iron-Works,  which  has  not  yet  been  put  in  opera- 
tion. 
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The  Latrobo  ])lant,  consistinii-  of  a  block  of"  thirty  boo-hive 
ovens,  is  just  tinishi'd  and  has  ln'cn  in  operation  for  scarcely  a 
month.  It  cannot  furnish  a  full  (hiy's  work  for-  one  di-awer,  as 
there  are  only  fifteen  ovens  to  be  drawn  daily,  instead  of  from 
thirty  to  thirty-five,  which  is  within  the  capacity  of  the  nuu-hine. 


Mechanical  ( "oke-Drawer. 

A  gi-eeii  hand  on  the  extractor  is  now^  drawin<;-  four  12-foot 
ovens  per  hour. 

Of  course,  the  machine  can  not  pi^et  around  the  jambs,  and 
take  out  the  last  of  the  coke.  This  is  done  by  hand,  and  takes 
from  five  to  ten  minutes  per  oven. 

In  England,  one  boy  operates  the  extractor;  one  man  waters; 
one  man  levels  the  ovens  and  lutes  up;  and  one  man  rakes  out 
after  the  extractor,  for  a  plant  of  sixty  ovens. 
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As  the  ovens  of  tlie  Latrobe  plant  are  Itiiilt  in  double  rows, 
parallel  to  the  railroad,  there  are  two  line.-^  ol' conveyers  ruiniini>* 
to  the  end  of  the  l)l(K*k,  where  a  eross-eonve^'er  rnnnin<i-  at 
ricfht  angles  to  the  other  two,  rising  at  an  angle  of  1  to  4,  takes 
the  coke  from  them  and  elevates  it  to  a  ehute,  from  which  it  is 
drawn  into  tlic  car.  alter  [ia>.-inu-  o\'er  a  screen  to  remove  the 
Ijraize. 

'I'm  rill-  <|ni'stioii.  wliat  eff'cM  t  tliis  meclianical  work  produces 
on  the  coke,  1  can  aii>\\ei-  tliat  rlie  extractor  does  not  hreak  it 
any  more  than,  if  as  mu<li  ;i>.  liiiml-drawing ;  but  there  is  some 
breakage  in  the  screen;  and  in  looking  at  a  car  of  screened 
coke,  the  tine  is  seen  on  the  top  wliile  the  coarse  pieces  run  to 
the  sides. 

The  coke,  once  du  the  rnii\-ryer.  <1(m->  not  ino\-e  imtil  it  reaches 
the  end  and  drops  on  to  the  cross-conveyer. 

These  conveyers  on  each  side  of  the  block  are  238  feet  long, 
and  the  end-conveyer  is  110  feet.  They  travel  at  a  rate  of  50 
feet  per  minute  and  take  t\vel\'e  If.  P.  to  run  tlieni  when  loaded. 
As  regards  the  expense  of  operating,  the  same  number  of  men 
will  o})erate  the  extractor  and  conveyer  and  draw  the  ovens,  but 
the  cost  will  vary  with  the  wages  of  difterent  localities.  The 
following  men  are  required  :  One  man  at  tlie  conveyer-engine 
(unless  it  were  run  by  central  power-plantj,  who  could  ojierate 
several  conveyers  and  attend  to  oiling,  etc.  ;  one  man  to  water 
the  coke;  one  man  to  run  the  extractor:  one  man  to  raki'  out; 
and  one  man  to  lute  u[)  and  level.  This  number  of  mi-n  is  em- 
}(loyed  at  several  plants  now  operating  in  England. 

These  extractors  can  be  used  without  the  conveyer,  if  de- 
sired ;  and  the  changes  to  be  made  in  old  ovens  are  simply  to 
widen  the  oven-doors  and  then  to  lay  a  track  in  front  ot"  the 
o\cn>. 

It  may  be  ot'  intei-est  to  know  wliat  wage-  arc  paitl  tor  ih'aw- 
ing  ovens  in  I'jigland  in  tlie  "^'orkshire  district.  For  hand- 
drawing  they  pay  45  cint-  per  o\-eu.  This  include.-  watering, 
levelling,  drawing  and  iMailing  on  cars. 

The  per  diem  wages  for  drawing  witli  thr  extractor  are,  SI 
for  engineer,  62|  cents  for  the  extractor-iimuer  and  75  cents 
for  the  man  who  Avaters  ;  5  cents  per  oven  is  paid  for  cleauiug 
out  at'tei'  tlie  extractor  aii<I  7  ccMits  for  le\-elling,  or  a  total  of 
19.9  cents  per  oven,  against  45  cents  for  hand-drawing. 
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The  Magnetic  Separation  of  Non-Magnetic  Material. 

HV  II.   A.  J.   WII,KKNS  AND  II.   H.  C.   NITZK,  SOUTH  BETH I.KIIP:^!,  PA. 

(Pittsburgh  Meeting,  Febiuary,  1S9C. ) 

Introductory. 

At  tlio  Atlanta  meeting  (;f  the  Institute  in  Oetober,  18t)5, 
some  brief  rennirks  were  made  i)y  Mr.  AVilkens  on  the  al)()ve 
subject.  It  is  the  object  of"  this  paper  to  set  forth  the  substance 
of  these  previous  statements,  embodying  therewith  achlitional 
information  o-ained  since  that  time,  and  a  brief  ilhistrated  de- 
scri[)tion  of  tlie  method  and  means  of  the  se[»arati<)n.* 

Lack  of  time  will  unfortunately  not  allow  as  complete  a 
rcsiom'  of  the  subject  in  all  its  j)hases,  es[iecially  those  relating* 
to  the  scientific  side  of  the  (piestion,  as  its  novelty  and  import- 
ance would  warrant,  so  that  even  this  paper  must  be  considered 
a  preliminary  one.  it  is  ho]»ed  that  at  some  future  meeting  of 
the  Institute  we  may  find  an  op[)ortunity  of  presenting  supple- 
mentary data  of  interest. 

The  paradoxical  title  above  used  re(piires  some  explanation. 
The  term  "  non-magnetic  material  "  is  ap})lied  to  such  substances 
as  have  heretofore  l)een  considered  non-magnetic  in  the  arts, 
more  es[)ecially  in  the  [U'actice  of  ore-concentration. 

Scientifically,  it  has  l)een  shown  by  Faraday,  Pliicker,  Wiede- 
mann and  other  physicists  that  magnetism  is  an  inherent  projterty 
common  to  all  substances,  solid,  liquid  and  gaseous,  i.e.,  all  sub- 
stances ari'  citlici'  attracted  or  rei)elled  by  the  poles  of  a  magnet, 
althougli  in  the  great  majority  of  cases  the  manifestation  of  this 


*  Note  BY  THE  Secret.vry. — In  connection  with  tlic  oral  presentation  of  tiiis 
pa[)er  l)y  Mr.  ^Vilkens  at  tlie  Pittshnrt^h  mcetini;;,  nnnieron.s  small  samples  were 
e.Kliihited,  sliowiii"^  the  various  products  of  separation  by  this  method  as  obtained 
in  experiments  at  South  Eethlelieui,  Pa. — R.  W.  R. 
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force  is  so  feeble  as  to  be  measurefl  only  l)y  tlie  most  delicately 
arranged  physical  apparatus. 

The  substances  attracted  are  known  as  paramagnetic,  and 
those  repelled,  i-onstituting  ])\  far  tla'  greatcT  class,  as  dia- 
magnetic. 

The  diamagnetics  show  but  a  sliglit  deviation  in  intensity  as 
compared  with  air,  which  is  the  neutral  substance.  Bismutli 
is  the  most  diamagnetic  liody  known,  and  its  diamagnetic  per- 
meability, expressed  in  figures,  is  stated  to  be  0.99982,  taking 
air  as  unity. 

The  paramagnetics,  on  the  other  hand,  show  a  wide  variation 
in  intensity  or  permeability  to  magnetic  forces. 

There  exists,  however,  a  distinct  and  wide  gap  between  such 
as  are  highly  magnetic  and  such  as  are  only  feebly  so,  and 
accordingly  two  classes  miglit  be  made,  namely,  such  as  can  be 
and  such  as  cannot  be  lifted  l)y  the  common  hand  magnet  or 
ecjuivalent  power. 

To  tile  tirst  class  belong  the  metals  iron,  nickel  and  cobalt, 
and  the  minerals  magnetite  and  p^Trhotite,  and  tliese  are  the 
only  substances  that  are  generally  recognized  as  magnetic ; 
while  all  other  paramagnetics,  comprising  the  second  class  pos- 
sessing comparatively  infinitesimal  magnetic  susceptibility,  are 
regarded  in  the  arts  as  practically  non-magnetic.  The  abrupt 
gap  between  these  tw^o  classes  is  not  occupied,  so  far  as  our 
present  knowledge  goes,  by  substances  of  intermediate  and 
graduated  magnetic  susceptibility. 

It  is  with  this  second  class  of  paramagnetic  sul)stances  that 
we  are  concerned. 

Faraday's  list,  puldished  in  1846,  includes  a  large  number  of 
metals,  chemical  salts  and  organic  substances.  It  will  suffice 
here  to  give  the  list  of  metals. 

Paramagnetic:  Iron,  nickel,  cobalt,  manganese,  chromium, 
cerium,  titanium,  palladium,  platinum,  osmium. 

Diamacjrietir  :  Bismuth,  antimony,  zinc,  tin,  cadmium,  sodium, 
mercury,  lead,  silver,  copper,  gold,  arsenic,  uranium,*  rhodium, 
iridium,  tungsten. 

Various  attempts  have  lieen  made  l)y  physical  investigators 
ill  Europe,  with  more  or  less  success  and  reliability  of  results, 
to  determine  the  specific  magnetic  permeability  of  substances. 

*  Accordingj^to  later  observations  of  M.  Verdet,  uranium  is  paramagnetic. 
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To  give  at  least  some  idea  of  the  great  gap  existing  between 
the  commonly  known  magnetic  and  some  of  the  other  para- 
magnetic bodies,  the  following  results  obtained  by  Delesse  may 
l)e  cited  :  Taking  the  magnetic  attractability  of  steel  at  100,000, 
he  found  that  of  magnetite  to  be  as  high  as  65,000,  of  siderite 
only  120,  of  hematite  93  to  43  and  of  limonite  72  to  43. 

As  to  the  theories  concerning  the  magnetic  properties  of 
matter,  the  works  of  Poisson,  Ampere,  Coulomb,  Becquerel, 
AVeber,  Ivohlrausch,  Pliicker,  Tyndall,  Faraday,  Wiedemann 
and  others  would  furnish  material  sufficient  for  a  lengthy  paper 
in  itself,  and,  although  the  theme  is  of  great  interest  in  this 
connection,  we  must  confine  ourselves  to  the  statement  of  a  few 
of  its  more  important  general  features. 

The  latest  accepted  theories  account  for  the  magnetism  of 
bodies  by  tlie  existence  of  magnetic  molecules,  and  explain  the 
variation  of  magnetic  susceptibility  as  due  to  the  arrangement 
or  structure  of  these  molecules. 

The  ratio  of  the  sum  of  the  volumes  of  the  mag-netic  mole- 
cules  to  the  entire  volume  of  a  body  is  the  magnetic  density  of 
that  body.  It  is  upon  this  that  the  capacity  of  a  body  for  mag- 
netism seems  to  depend,  and  it  has  been  shown  to  vary  with 
the  temperature  and  other  physical  and  chemical  conditions. 

It  does  not  appear  that  the  magnetism  necessarily  depends 
upon  the  amount  of  iron  in  a  substance,  or  upon  the  chemical 
condition  of  that  iron  in  a  ferrous  state,  as  has  been  thought  by 
many. 

Among  the  most  interesting  researches  are  perhaps  those  of 
Wiedemann,  and  some  of  his  conclusions  may  be  mentioned 
here.     He  found  that : 

1.  The  magnetism  of  a  solution  is  the  direct  addition  of  the 
magnetism  of  the  solvent  and  the  salt  dissolved,  and  the  mag- 
netism of  the  latter  is  proportional  to  the  weight  contained  in 
the  volume. 

2.  The  magnetism  of  the  dissolved  salt  is  practically  inde- 
pendent of  the  nature  of  the  solvent. 

3.  The  magnetism  of  salts  in  solution  decreases  proportion- 
ally with  the  temperature. 

4.  The  magnetism  of  salts  in  a  dry  state  is  practically  the 
same  as  that  of  the  dissolved  salts,  excepting  in  case  of  a  consid- 
erable change  in  density ;  and  the  addition  of  water  of  crystal- 

voi~  XXVI.— 23 
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lization  to  a  salt  which  is  naturally  free  from  water,  does  not 
materially  alter  the  magnetism. 

5.  The  specific  magnetism  of  a  salt  is  the  temporary  mag- 
netic moment  induced  by  a  magnetizing  force  of  unity  in  the 
unit  weight  of  the  salt,  and  in  salts  of  analogous  composition 
of  the  same  metal  the  product  of  the  specific  magnetism  with 
the  atomic  weight  is  constant.  (Identical  with  the  law  of  speci- 
fic heat.) 

6.  The  atomic  magnetism  of  similarly  constituted  oxygen  and 
haloid  salts  of  magnetic  metals  is  approximately  equal ;  and  this 
applies  to  the  oxyhydrates  also. 

7.  The  atomic  magnetism  of  magnetic  metals  is  equal  in  the 
exchange  from  one  binary  compound  to  another  similarly  con- 
stituted one,  and  it  is  equal  to  the  sum  of  the  atomic  magnetisms 
of  the  constituents. 

8.  Colloidal  iron  oxide  has  a  magnetism  of  only  21  per  cent, 
of  that  of  iron  oxide  and  oxyhydrate ;  therefore  the  magnetic 
atom-grouping  shows  essentially  different  properties. 

9.  The  sulphides  of  the  magnetic  metals  are  usually  very 
much  less  magnetic  than  the  corresponding  salts,  and  this  must 
be  due  to  a  different  grouping  of  the  magnetic  atoms. 

10.  Two  simple  diamagnetic  elements  (like  copper  and  bro- 
mine) may  form  a  magnetic  compound,  and  a  magnetic  ele- 
ment in  combination  with  an  indifferent  or  weakly  diamag- 
netic one  may  lose  its  magnetism. 

The  knowledge  of  the  paramagnetic  property  of  many  sub- 
stances has  been  of  great  scientific  interest  since  the  time  of 
Faraday's  demonstration  in  1845.  In  1871  Fouque,  and  since 
then  Doelter  and  other  petrographers,  have  made  use  of  this 
knowledge  to  some  extent  in  the  mineralogical  laboratory.  But 
it  has  never  gone  beyond  this  point,  i.e.,  to  an  economical  and 
practical  application  in  the  useful  arts.  Practical  engineers  and 
inventors  have  either  taken  for  granted  that  the  magnetic  sus- 
ceptibility of  substances  was  constant,  and  about  what  was  indi- 
cated by  the  ordinary  hand  magnet,  or,  if  they  were  acquainted 
^vith  the  universal  magnetic  permejability  of  substances,  they 
have  felt  that  the  attainment  of  sufficiently  high  power  to  affect 
the  extremely  low  susceptibility  of  the  paramagnetics,  other 
than  iron,  nickel,  cobalt,  magnetite  and  pyrrhotite,  was  imprac- 
ticable within  the  bounds  of  practical  economy.     At  all  events, 
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they  have  been  discouraged  from  making  any  attempt  to  de- 
sign electro-magnets  capable  of  such  peculiarly  concentrated 
and  condensed  a  field  as  to  attract  these  substances. 

Even  in  the  present  case  useful  results  were  achieved  only 
after  making  many  experiments  and  actual  trials  carried  on,  in 
the  beginning,  without  any  knowledge  of  the  previous  theoreti- 
cal investigations. 

A  large  number  of  machines  have  been  invented  and  per- 
fected for  concentrating  the  so-called  magnetic  minerals,  that 
is,  magnetite  and  pyrrhotite,  chiefly  the  former.  When  it  be- 
came desirable  to  separate  other  ferruginous  minerals,  such  as 
hematite,  limonite,  siderite,  etc.,  which  were,  in  the  generally 
accepted  sense,  non-magnetic,  methods  for  converting  them  into 
artificial  magnetite  were  resorted  to.  This  was  done  either  by 
an  oxidizing  or  a  reducing-roasting  in  or  without  the  presence 
of  carbon-contact. 

As  examples  may  be  mentioned  the  treatment  of  limonite 
ores  as  suggested  by  Clemens  Jones*  and  others;  the  treat- 
ment of  the  red  fossil  hematite  ore  of  the  Birmingham  district 
in  Alabama,  described  by  Dr.  W.  B.  PhiUips  ;t  the  practice  of 
the  Wythe  Lead  and  Zinc  Company,  Austinville,  Va.,  for  sepa- 
rating limonite  from  calamine  ;J  and  the  separation,  by  this 
means,  in  many  European  localities,  of  siderite  from  zinc- 
blende,  as  at  the  rriederichssegen§  and  the  Ludwigseck|)  mines, 
in  Germany;  PrzibramT[  and  Maiern,**  in  Austria;  Allevard,tt 
in  France;  the  Mercadal  mines,;}: J  iu  Spain;  Monteponi,§§  in 
Sardinia,  etc. 

The  reduction  of  iron  and  nickeliferous  pyrites  to  the  mag- 
netic subsulphide,  and  of  nickel  oxide  to  metallic  nickel,  has 
been  suggested  by  Eustis  and  Howe  among  others,  |J  |J  but  experi- 

*  Trans  ,  xix.,  289,  Sept.,  1890. 

t  Trans.,  xxv.,  399,  Oct.,  1895. 

X  Jour.  Iron  and  Steel  Inst,  London,  1894,  voL  xlv.,  p.  428. 

g  M.  Bellom.     Annales  des  Mine.^,  Her.  8,  vol.  xx.,  1891,  y>\\  5-186, 

II  Preu.<fs.  Zeilsch.,  vol.  41,  B,  p.  208. 

i   Tran,s.,  ix.,  451.     Ellis  Clark,  1881. 
**  Oesterr.  Zeitsck,  1893,  Nos.  4  and  5. 

ft  G.  Gromier.     Bull,  de  ki  Soc.  de  I' IndusL  Min.,  vol.  7,  p.  465. 
Xt  tr-  Prus.     Le  Genie  Civil,  vol  17,  p.  337. 
§§   Oesterr.  ZeitscJu,  1892,  No.  20. 
nil  Trans,,  x.,  305,  1882. 
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ment  has  shown  this  to  l^e  a  very  delicate  operation,  and  it  has 
never  been  put  into  practice  on  a  workino^-scale. 

On  the  same  general  principle,  Mr.  G.  G.  Convers  designed 
in  1892  a  process  for  the  separation  of  the  franklinite-ore  of  the 
Franklin  mines,  l^ew  Jersey.  This  ore  is  a  crystalline  granu- 
lar aggregate  of  franklinite,  Hvillemite  and  calcite,  with  smaller 
amounts  of  zincite,  garnet,  fowlerite,  tephroite,  etc.  It  was 
the  object  to  obtain  the  willemite  and  zincite  as  free  as 
possible  from  franklinite  (the  principal  iron-  and  manganese- 
bearing  mineral),  so  that  the  former  could  be  charged  directly 
into  the  retorts  of  the  Belgian  furnaces  for  the  manufacture 
of  spelter — to  which  use  th-e  presence  of  iron  or  man- 
ganese, attacking  the  material  of  the  retorts,  would  be  a 
fatal  objection.  Mr,  Convers  roasted  the  ore,  mixed  with 
fine  anthracite  coal,  in  a  revolving  cylinder-furnace,  thus  ob- 
taining a  direct  reducing-action  and  rendering  the  franklinite 
magnetic,  so  that  it  could  be  separated  on  Wenstrom  magnetic 
drums.  This  process  gave  good  results ;  but  the  cost  of  roast- 
ing and  the  uncertainty  of  a  uniformly  magnetic  product  led 
to  further  experimenting,  and  finally  the  method,  a  direct  mag- 
netic concentration  of  these  ores,  without  previous  roasting,  was 
evolved  by  Mr.  J.  P.  Wetherill,  manager  of  the  Lehigh  Zinc 
and  Iron  Co.,  South  Bethlehem,  Pa. 

Mr.  Wetherill  found  that  not  only  the  franklinite,  but  also 
the  garnet,  fowlerite,  tephroite  and  similar  deleterious  iron-  and 
manganese-bearing  minerals  could  be  thus  eliminated. 

These  surprising  and  important  results  were  attained  by  util- 
izing a  peculiarly  high  magnetic  power,  applied  in  machines 
especially  adapted  for  the  purpose,  and  sufficient  to  act  upon 
the  comparatively  almost  infinitesimal  magnetic  permeability 
of  these  minerals,  instead  of  attempting  (as  had  heretofore  been 
done)  to  raise  this  low  permeability  to  a  point  known  in  prac- 
tice as  "  magnetic,"  that  is,  capable  of  attraction  by  a  common 
hand-magnet  or  the  electro-mag'nets  heretofore  employed. 

Further  investigations  showed  that  a  large  number  of  ferru- 
ginous and  manganiferous  minerals,  such  as  hematite,  limonite, 
siderite,  garnet,  pyrolusitc,  etc.,  besides  many  chemical  salts  of 
iron,  manganese  and  chromium  were  aftected  by  this  extraor- 
dinary magnetic  power,  and  were  thus  adaptable  to  this  method 
of  concentration. 
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Letters-patent  were  granted  to  Mr.  Wetherill  for  his  method 
of  direct  magnetic  separation  of  paramagnetic  substances  of 
low  permeability  from  mixtures  containing  the  same,  as  well 
as  for  the  machines  employed  to  ol)tain  this  result;  and  these 
patents  are  now  owned  by  the  Wetherill  Concentrating  Co., 
located  at  South  Bethlehem,  Pa.* 

Fig.  1. 


Wetherill  Magnetic  Separator,  No.  1. 

Method  and  Apparatus. 
The    machines  for   making    these    separations    are  of  two 
types.  Figs.  1  and  2  show  a  machine  more  especially  adapted  for 

*  U.  S.  patents  Xos.  555,792  (dated  March  3,  1896),  and  555,794  (dated  March 
3,  1896). 
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the  treatment  of  fine  ores,  and  for  concentrations  in  which  rich 
magnetic  heads  are  more  particuhirly  sought.  It  has  been 
operated  very  successfully  on  the  Clinton  fossil-ores  of  the  Bir- 
mingham district,  Alabama. 

In  this  type  the  magnetic  particles  are  lifted  away  from  the 
original  mixture.  The  machine  consists  of  two  magnetic  cores 
and  bobbins  A  and  four  pole-pieces  B,  which  are  pointed  in 

Fig.  2. 


Enlarged  Section  from  Fig.  1,  showing  Arrangement  of  Pole-pieces  and  Feed-belt. 

tl  !  manner  shown  and  are  adjustable  by  the  bolts  C,  so  that 
they  may  be  moved  nearer  or  farther  apart  as  desired. 

For  substances  of  very  low  magnetic  permeability  two  of  the 
pole-pieces  are  dispensed  with,  and  a  solid  yoke  is  used  instead. 
For  substances  of  higher  magnetic  permeability,  such  as  gar- 
net, franklinite,  siderite,  etc.,  the  yoke  may  be  removed  and 
two  pole-pieces  substituted  for  it  in  the  manner  shown.  About 
each  pole-piece  revolves  a  belt  D  (driven  by  a  pulley  E)  in 
the  direction  shown  by  the  arrows. 

The  ore  is  fed  from  a  hopper  F  by  means  of  a  feed  roller  G, 
upon  a  belt  H,  which  carries  it  in  a  thin  l^yer,  say  |-  to  y^^inch 
thick,  to  and  about  the  pulley  J,  which  is  of  small  diameter 
and  is  upon  a  brass  axle  K,  which  may  be  raised  or  lowered  by 
the  adjustable  bearing  P.  The  feed  can  be  accurately  adjusted 
by  means  of  a  sliding  shutter  at  the  discharge  of  the  hopper  F. 

The  ore  is  thus  delivered  in  close  proximity  to  the  space  be- 
tween the  poles,  and  the  magnetic  particles  are  withdrawn  and 


THE    MAGNETIC    SEPARATION    OF    NON-MAGNETIC    MATERIAL.       359 


lifted  up  into  the  higlilv  intensiiied  field  existing  at  this  point. 
Thev  are  removed  by  the  horizontal  belt  D,  and  carried  into  a 
receptacle  L. 


Fig.  3. 


•B — 


zzizizzi.— :   w§ 


SECTION  THROUGH   B" 

Wetherill  Magnetic  Separator,  No.  2. 


The  non-magnetic  tails  fall  from  the  belt  II  into  the  recepta- 
cle M. 

The  intensity  of  the  magnetic  attraction  can  be  accurately 
adjusted  by  changing  the  distance  of  the  feed-belt  from  the 
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polc-poiuts ;  or  by  changing  the  distance  between  the  pole- 
pieces,  or,  finally,  by  changing  the  amperage  of  the  current. 

Fig.  3  shows  a  machine  adapted  more  especially  for  coarser 
sizes  ;  material  as  large  as  |-inch  in  diameter  has  been  handled 
with  it.  Excellent  results  have  been  obtained  by  its  use  on 
franklinite  ores,  where  clean  non-magnetic  tails,  consisting  of 
willemite  and  zincite,  are  sought. 

In  this  type  of  machine  the  magnetic  particles  adhere  to  the 
feed-belt  as  it  rounds  the  pole-points,  while  the  non-magnetic 
material  drops  away  from  it.  The  apparatus  consists  of  mag- 
nets with  cores  and  bobbins  A,  yokes  B,  pointed  pole-pieces  C, 
belts  D,  revolving  about  the  pole-pieces  in  the  manner  shown, 
ore-hoppers  E,  feed-rollers  F,  and  shutes  G,  by  means  of  which 
the  ore  is  fed  in  a  thin  layer  upon  the  belts  D.  These  belts 
travel  in  the  direction  shown  by  the  pointed  arrows  and  the  ore 
is  delivered  directly  into  the  opening  between  the  two  pointed 
pole-pieces ;  means  are  provided  by  which  the  pole-pieces  may 
be  set  further  apart  or  closer  together,  as  desired.  Two  shut- 
ters H,  one  beneath  the  point  of  each  pole-piece,  are  adjustable, 
so  that  the  magnetic  particles  which  adhere  slightly  to  the 
pole-pieces  are  carried  to  one  side  by  the  moving  belts  D,  into 
the  receptacles  M  and  M  on  either  side  of  the  shutters,  while 
the  non-magnetic  fall  into  the  central  space  between  the  shut- 
ters, and  thence  into  the  receptacle  L. 

The  degree  of  concentration  desired  can  be  regulated  by 
changing  the  position  of  the  shutters  and  the  speed  of  the 
feed-belts,  or  by  changing  the  distance  between  the  pole- 
points,  or  by  changing  the  amperage  of  the  current  through 
the  coils. 

So  far  machines  have  been  used  with  a  capacity  of  from  |  to 
3  tons  per  hour,  depending  upon  the  number  of  pole-pieces 
used,  the  speed  of  the  belts  and  the  nature  and  size  of  the 
material  operated  on.  By  widening  the  pole-pieces  and  the 
feed-belts,  the  capacity  can  be  raised ;  but  this  may  ultimately 
reach  a  point  where  it  will  be  more  advantageous  to  multiply 
the  number  of  machines  instead  of  further  increasing  their  size. 

The  amount  of  amperage  necessary  for  producing  the  ex- 
tremely high  field  is  comparatively  small.  This  is  due  to  the 
large-sized  and  correctly  proportioned  cores,  yokes  and  pole- 
pieces  employed,  and  the   almost  perfect  condensation  at  the 
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pole-points  of  the  vast  number  of  magnetic  lines  g-enerated  in 
them. 

For  the  separation  of  the  Franklin  minerals,  where  the  mag- 
netic heads  produced  consist  of  fi^anklinite,  tephroite,  rhodo- 
nite, garnet,  etc.,  from  3  to  8  amperes,  with  from  16  to  80  volts, 
are  necessar}'.  In  the  concentration  of  the  Clinton  red  fossil- 
ore  from  4  to  8  amperes  were  used.  For  limonite  and  pyrolu- 
site  a  somewhat  higher  amperage  is  employed,  from  10  to  15 
giving  a  good  separation. 

To  illustrate  the  extreme  condensation  of  magnetic  lines  at 
the  pole-points,  it  may  be  mentioned  that  the  current  of  one 
blue-stone  cell  (such  as  is  used  in  telegraphy)  is  too  powerful 
to  permit  a  satisfactory  separation  of  magnetite.  For  this  pur- 
pose its  streng-th  must  be  reduced  by  means  of  resistance-coils, 
in  order  to  prevent  tangling  and  allow  the  belts  to  draw  the 
ore  away  from  the  pole-points. 

The  ability  to  adjust  delicately  the  magnetic  intensity  of  these 
machines  permits,  in  many  cases,  the  practical  isolation  from 
one  ore  of  several  products  showing  a  slight  ditierence  of  mag- 
netic permeability.  For  instance,  in  the  concentration  of  mona- 
zite  sand  the  pure  monazite  can  be  separated  from  garnet  and 
rutile  at  one  operation,  and  the  latter,  by  a  slight  change  in  the 
intensity  of  the  current,  can  again  be  separated  from  each  other. 

If  two  such  unlike  properties  as  magnetic  permeability  and 
specific  gravity  can  be  compared,  it  might  be  said  that  a  much 
smaller  ditference  in  the  former  is  necessary  to  permit  a  separa- 
tion by  magnetic  means  than  would  be  required  in  the  latter  for 
making  a  water-  or  air-separation. 

It  would  be  ditficult,  however,  to  tabulate  the  minerals  in 
distinct  groups  capable  of  being  magnetically  separated  from 
each  other,  for  the  reason  that  the  magnetic  permeability  of 
each  mineral,  per  se,  is  subject  to  wide  variations. 

Aside  from  the  separation  of  several  minerals  from  one  ore, 
the  discriminating  power  can  be  utilized  for  the  separation  of  a 
desired  quantity  or  quality  of  heads,  where  the  magnetic 
mineral  varies  in  itself  in  permeability.  For  example,  in  the 
concentration  of  the  Clinton  fossil-ores,  to  be  mentioned  here- 
after, the  magnetic  permeability  of  the  hematite  particles  in- 
creases apparently  with  their  percentage  of  iron,  and  either  a 
small  amount  of  high-grade  heads  can  be  produced  with  a  low 
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amperage,  or  a  large  amount  of  low-grade  heads  with  a  higher 
one.  From  a  commercial  standpoint,  the  exact  quantity  or 
quality  which  it  would  be  advisable  to  produce  would  depend 
upon  the  increase  in  value  of  the  concentrates  per  unit. 

The  machines  above  described  and  illustrated  are  adapted  to 
dry  concentration.  Their  arrangement  for  wet  concentration 
would  necessitate  but  a  slight  change  in  some  of  the  mechani- 
cal features. 

Applications. 

Among  the  minerals  which  have  been  found  susceptible  of 
attraction  by  the  condensed  magnetic  power  of  these  machines 
we  may  mention  red  hematite,  brown  hematite,  siderite,  chro- 
mite,  menaccanite,  rutile,  franklinite,  pyrolusite,  psilomelane, 
tephroite,  rhodonite,  garnet,  and,  in  fact,  almost  all  the  minerals 
containing  iron  or  manganese  or  both;  likewise  the  salts  of 
iron,  manganese  and  chromium. 

It  is  a  curious  fact  that  the  manganese  salts  are  more  mag- 
netic than  the  corresponding  iron  salts ;  for  instance,  manga- 
nese sulphate  required  1  ampere,  while  ferrous  sulphate  required 
8  amperes  to  be  attracted.  This  agrees  with  the  fact  that  the 
manganese  silicates,  tephroite  and  rhodonite,  show  a  very  high 
degree  of  magnetic  permeability. 

The  only  iron-bearing  mineral  which  does  not  come  within 
the  attracting  limit  of  the  magnets  so  far  constructed  is  iron 
pyrites.  Higher-power  magnets  are  now  being  built,  with 
which  it  is  hoped  to  handle  this  material  successfully. 

It  is  difficult  as  yet  to  judge  of  the  full  extent  of  the  field  to 
which  this  method  of  concentration  is  applicable.  Its  original 
application  to  the  franklinite  ores  has  been  mentioned  above. 
It  should  supplant  those  operations  already  enumerated,  in 
which  a  magnetizing  roasting  has  heretofore  been  found  neces- 
sary before  magnetic  concentration,  not  only  on  account  of  the 
additional  cost  which  the  latter  entails,  but  also  because  better 
results  may  be  expected  from  the  direct  treatment  of  the  raw 
material.  Magnetizing-roasting  is  attended,  in  most  cases, 
with  considerable  difficulties,  such  as  the  sintering  and  slagging 
of  the  ore,  imperfect  magnetization,  etc.,  which  not  only  de- 
crease the  quantity,  but  may  also  impair  the  quality,  of  the  re- 
sulting concentrates.     Such  difficulties  were  encountered  in  the 
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mao-netizatioii  of  the  red  fossil-ore  of  the  Birmingham  district 
and  in  the  roasting  of  siderite-blende  ores  in  several  Enropean 
localities. 

It  will  prove  the  saving  process  for  the  concentration  of  cer- 
tain ores  and  mineral  combinations  which  are  not  capable  of 
separation  by  gravity-methods,  as,  for  instance,  in  the  separa- 
tion of  the  constituents  of  monazite  sand  (rutile,  garnet  and 
monazite),  the  minerals  of  the  franklinite-ore,  and  many  of  the 
iron-ores. 

Perhaps  its  widest  application  will  be  in  the  field  of  concen- 
trating iron-ores,  red  and  brown  hematites  and  carbonates.  It 
is  estimated  that  over  90  per  cent,  of  the  material  charged  into 
the  blast-furnaces  in  this  country  is  of  these  classes,  and  that  in 
European  countries  the  proportion  is  even  larger.  These  ores 
will  practically  be  placed  on  the  same  level  with  magnetite,  so 
far  as  the  ability  to  concentrate  them  magnetically  in  the  raw 
state  is  concerned. 

Of  importance  to  the  iron  and  steel  industry  will  be  the  con- 
centration of  manganese-ores,  with  which  other  methods  of 
concentration,  such  as  jigging,  have  always  experienced  ditfi- 
culty  and  w^aste. 

There  are  no  doubt  many  other  special  cases  in  which  this 
process  of  direct  magnetic  concentration  may  become  applicable. 

Among  the  materials,  besides  those  mentioned  above  (pp. 
356,  358  and  361),  which  have  been  treated  successfully  are : 

1.  A  mixture  of  apatite  and  rutile,  occurring  in  a  deposit 
near  Charlottesville,  Va. 

2.  Monazite-sands  from  North  and  South  Carolina. 

3.  Garnetiferous  rocks  and  schists,  from  wdiich  it  was  de- 
sired to  extract  the  pure  garnet. 

4.  Corundum  ores,  from  which  garnet  and  other  deleterious 
ferruginous  minerals  were  to  be  removed. 

5.  Ores  containing  siderite  as  a  deleterious  ingredient,  as  in 
cryolite,  for  instance. 

In  certain  metallurgical  operations  this  method  of  magnetic 
concentration  may  form  an  intermediate  stage,  as,  for  instance, 
in  the  separation  of  pyrite  from  blende,  after  the  mixture  has 
received  a  dead  roast  to  prepare  the  blende  for  the  retorts. 

Its  application  has  not  been  exploited  as  yet  in  the  chemical 
and  other  industrial  arts. 
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FrankUnitc-Ores — The  process  has  been  in  operation  on  a 
large  ex|3erimental  scale  at  the  works  of  the  Lehigh  Zinc  and 
Iron  Co.,  South  Bethlehem,  Pa.,  for  the  separation  of  the 
franklinite-ores.  Some  15,000  tons  of  material  have  been 
treated  here,  and,  on  the  basis  of  the  experience  thus  gained, 
a  large  and  comprehensive  plant  has  been  designed  and  erected 
at  the  mines  of  the  Sterling  Iron  and  Zinc  Co.,  Franklin,  I^.  J. 
This  plant,  having  a  capacity  of  400  tons  of  raw  ore  per  day, 
is  about  ready  to  go  into  operation.  The  ore,  as  it  comes 
from  the  mine,  is  dried,  crushed  to  10-mesh  size  by  means  of 
Blake  crushers  and  rolls,  and  sized.  The  franklinite,  tephroite, 
rhodonite,  garnet,  etc.,  are  removed  on  the  Wetherill  ma- 
chines, leaving,  as  non-magnetic  tails,  a  mixture  of  willemite, 
zincite  and  calcite,  from  which  the  latter  is  subsequently  sepa- 
rated by  jigging.  The  operation  of  the  process  on  this  material 
is  highly  successful,  as  is  shown  by  the  following  analyses : 


Eun-of-mine  ore, 
Franklinite  separated, 
Willemite  and  zincite  separated, 
Calcite  separated, 


Weight. 

ZnO. 

Fe. 

Mn. 

Per  cent. 

Per  cent. 

Per  cent. 

Per  cent 

100 

31.09 

20.34 

9.34 

5f5 

24.38 

35.50 

13.62 

28 

60.00 

1.50 

6.10* 

16 

4.00 

Clinton  Fossil-Ores. — Of  more  general  interest,  on  account  of 
the  greater  application  of  the  process  and  the  large  extent  of 
the  field,  are  perhaps  the  results  obtained  on  the  red  fossil 
hematite-ores  of  the  Birmingham  district  in  Alabama. 

The  richer,  soft  ores  of  this  district,  such  as  are  used  in  the 
furnaces,  average  from  45  to  48  per  cent,  in  iron  and  from  30 
to  24  per  cent,  in  insoluble  matter.  Such  ores  occur,  however, 
only  in  few  localities,  which  are  limited  in  extent,  and  are  now 
almost  exhausted.  By  far  the  greater  portion  of  the  leached 
ore-beds  consists  of  material  running  from  35  to  45  per  cent,  in 
iron  and  from  45  to  30  per  cent,  in  insoluble  matter. 

This  latter  class  of  ore  cannot  be  used  in  the  furnaces  to  ad- 
vantage, and  is  therefore  practically  worthless,  unless  the  per- 
centage of  iron  be  raised  b}^  concentration,  and  at  the  same  time 
the  insoluble  matter  be  proportionately  decreased. 

Structurally,  the  ores  are  as  a  rule  fine-grained,  the  average 

*  This  manganese  is  to  a  great  extent  chemically  contained  in  the  willemite 
and  zincite. 
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size  of  the  distinct  particles  being  such  as  would  pass  through 
a  lO-mesh  screen.  On  examining  the  product  of  separation  it 
is  seen  that  the  ore  consists  of: 

1.  Rounded  silica  grains,  -which,  owing  to  a  coating  of  iron 
oxide,  are  found  by  analysis  to  contain  from  10  to  15  per  cent, 
of  iron. 

2.  Hounded  grains  of  more  highly  ferruginous  material,  run- 
ning perhaps  30  per  cent,  in  iron. 

3.  A  binding-material  of  hematite,  which  in  itself  carries  a 
varying  amount  of  insolul)le  matter,  depending  upon  the  locality 
of  the  ore,  lineness  of  grain,  etc. 

It  was  found  that  a  mere  elimination  of  the  sand-grains  was 
not  sufficient  to  raise  the  heads  to  the  desired  quality,  but  that 
the  material  of  the  second  group,  and  in  some  cases  a  portion 
of  the  more  siliceous  matrix,  had  to  be  separated  and  classed 
either  with  the  tails  or  as  middlings,  in  order  to  obtain  high- 
grade  heads. 

The  tests  on  these  ores  were  made  under  the  auspices  of  the 
Tennessee  Coal,  Iron  and  Railroad  Company,  and  were  in  di- 
rect charge  of  Dr.  William  B.  Phillips,  the  consulting  chemist  of 
the  company,  who,  for  the  past  three  years,  has  made  a  spe- 
cialty of  the  problems  involved  in  the  concentration  of  the  Bir- 
mingham ores.  The  plant  used  was  the  one  at  which  Dr. 
Phillips  had  carried  on  his  experimental  work  in  magnelizing- 
roasting  and  concentration,  and  which  was  described  in  his  pa- 
per on  that  subject*  A  small  inclined  dryer  was  substituted 
forthe  magnetizing-kiln,  for  drying  such  ores  as  carried  a  large 
amount  of  moisture.  It  was  found  that  the  ore  stored  in  the 
stock-house  could  generally  be  prepared  and  treated  without 
drying.  A  revolving  screen,  which  divided  the  material  into 
three  sizes,  (through  8-  on  15-,  through  15-  on  40-,  and  through 
40-mesh)  was  added.  Two  Wetherill  machines,  one  of  each 
type,  were  used  for  making  the  separations. 

Various  working-tests  were  made  on  material  from  a  great 
number  of  localities,  and  the  results  were  verified  by  some  500 
analyses  made  in  the  laboratory  of  the  company. 

Space  will  not  permit  of  a  detailed  account  and  discussion  of 
these  results ;  it  is  merely  intended  here  to  present  a  general 

*   Trans.,  xxv.,  399. 


Iron. 

Insoluble. 

Per  cent. 

Per  cent. 

57.10 

13.10 

46.20 

25.40 

10.00 

70.80 

366       THE    MAGNETIC    SEPARATION    OF    NON-MAGNETIC    MATERIAL. 

idea  of  what  was  accomplished.  The  previous  magnetization- 
experiments  had  been  made  entirely  on  the  richer  soft  ores, 
such  as  are  now  being  used  directly  in  the  furnace,  and  of  the 
composition  given  above. 

Concentration-tests  on  this  material  by  the  Wetherill  process 
gave  the  following  results  (calculated  on  a  basis  of  100  tons  of 
raw  ore) : 

Iron.  Insoluble. 

Per  cent.        Per  cent. 
Original  ore, 48.03  25.20 


57  tons  of  heads,  containing 

28  tons  of  middlings,  containing 

15  tons  of  tails,  containing 

It  was  further  found  that  about  20  per  cent,  in  weight  of  this 
raw  ore  could  be  brought  up  to :  iron,  59.15 ;  insoluble,  10.45 
per  cent. 

At  the  prices  offered  for  concentrates  by  the  T.  C.  I.  &  E..R. 
Co.,  it  would  be  perfectly  feasible  to  purchase  this  grade  of  raw 
ore  at  the  market-price,  and  make  the  concentrates  at  a  profit. 
As,  however,  the  ore  of  this  quality  is  almost  exhausted,  the 
question  of  concentrating  it  on  a  large  scale  w\\\  hardly  arise. 

The  above  results  compare  most  favorably  with  those  pre- 
viously obtained  by  the  magnetizing-roasting  process,  particu- 
larly in  the  proportional  amount  of  heads  that  were  produced 
and  the  comparativel}'  small  percentage  of  iron  carried  in  the 
tails. 

For  the  purpose  of  comparison,  the  following  results  of  that 
process  (calculated  on  a  basis  of  100  tons  of  raw  ore)  are  given: 


Original  magnetized  ore,     .... 

15  tons  of  heads,  containing 

35  tons  of  middlings,  containing 

60  tons  of  tails,  containing  .... 

Only  the  more  perfectly  magnetized  material  was  used  on 
the  concentrating  machines. 

In  the  magnetizing  process  is  to  be  considered  not  only  the 
cost  of  roasting,  but  also  the  imperfections  attending  it,  such 


Iron. 

Insoluble. 

Per  cent. 

Per  cent. 

49.05 

22.05 

Iron. 

Insoluble. 

Per  cent. 

Per  cent. 

59.00 

11.06 

52.00 

20.00 

44.00 

28.00 

THE    MAGNETIC    SEPARATION    OF    NON-MAGNETIC    MATERIAL.       367 

as  the  ineoiiiplete  magnetization,  the  louping  of  the  ore-kimps 
and  the  inability  to  use  a  large  percentage  of  fines  in  the  kiln. 

These  difficulties  may,  of  course,  be  overcome  to  some  ex- 
tent with  more  experience  in  practice,  and  in  this  direction  Dr. 
Phillips  and  his  assistants  liave  shown  great  ingenuity. 

There  is  no  doubt,  hoAvever,  that  the  raw  material  is  better 
adapted  for  concentration,  on  account  of  the  uniformity  in  the 
magnetic  properties  and  physical  structure  of  the  several  in- 
gredients. 

The  tests  by  direct  concentration  on  the  lower-grade  ores 
showed  a  proportionately  greater  increase  in  the  percentage  of 
iron  than  those  on  the  higher-grade  material.  The  quality  of 
the  heads  was,  however,  not  as  good,  which  shows  that  the 
hematite  matrix  in  the  low-grade  ores  carries  a  larger  percent- 
age of  inherent  insoluble  matter  than  that  of  the  richer  ores. 

Among  others,  the  following  results  were  obtained  (calcu- 
lated on  the  basis  of  100  tons  of  raw  ore) : 

Iron.  Insoluble. 

Per  cent.        Per  cent. 
Original  ore, 41.58  37.51 

Iron.  Insoluble. 

Per  cent.  Per  cent. 

69  tons  of  heads,  containing      .        .        .        .      52.00  23.00 

31  tons  of  tails,  containing,        ....      18.40  7000 

About  25  per  cent,  in  weight  of  this  original  ore  was  raised 
to:  iron,  56.40  per  cent.;  insoluble,  17  per  cent. 

Tests  were  also  made  on  the  so-called  "  hard  ore,"  which 
represents  that  portion  of  the  ore-bed  from  which  the  lime  has 
not  been  leached.  The  raw  ore  of  this  character,  as  used  at 
the  furnaces,  averages:  iron,  35.50;  insoluble,  17.50;  lime, 
16  per  cent.  From  this  were  obtained  from  50  to  60  per  cent, 
in  weight  of  heads,  containing:  iron,  48;  insoluble,  10.50; 
lime,  10  per  cent. 

The  cost  of  mining  this  hard  ore,  on  account  of  its  being 
underground,  is  far  in  excess  of  that  of  the  soft  ore.  And, 
therefore,  although  the  use  of  such  concentrates  as  were  pro- 
duced would  be  of  great  advantage  in  the  furnace,  the  cost  of 
mining  2  tons  of  raw  ore  would  be  too  great  to  permit  the 
use  of  1  ton  of  concentrates  obtained  therefrom  at  a  profit 
under  present  circumstances. 
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The  above  tests  must  be  considered  to  a  certain  extent  pre- 
liminary. There  is  no  doubt  that  a  wider  experience  with  this 
material,  and,  as  a  rule,  a  somewhat  finer  crushing  and  more 
judicious  sizing,  will  give  still  better  results.  Experiments 
have  gone  far  enough,  however,  to  prove  that  this  process  of 
direct  magnetic  concentration  is  not  only  technically  the  most 
feasible,  but  also  commercially  the  most  economical  one.* 

Brown  Hematite-Ores. — To  show  the  application  of  the  pro- 
cess to  brown  hematite-ores,  the  following  results,  from  experi- 
ments made  at  the  testing-plant  of  the  "Wetherill  Concentrating 
Co.,  South  Bethlehem,  Pa.,  may  be  of  interest: 

Brown  Hematite  from  Iron  Gate,  Va.,  Alleghany  Iron  Co. 

Percentage  SiOo.  Fe. 

by  weight.  Per  Cent.  Per  Cent. 

Original  ore, 100  31.29  43.08 

Concentrates, 63.4  11.24  51.04 

Tails, 36.6  66.00  31.74 

Broicn  Hematite  [Washer- Tailings),  Barren  Springs,  Va. 

Percentage  Si02.  Fe. 

by  weight.       Per  cent.  Per  cent. 

Original  Ore,     .         .         .         .         .       lOO  29.93  32.03 

Concentrates,     .         .         .         .         .30  7.43  53.14 

Tails, 70  39.58  22.98 

Jigged   Zinc-Ore  [Consisting  of  Limonite  and  Calamine),   Wgthe 
Lead  ^  Zinc  Co.,  Austinville,  Va. 


Original  Ore, 
Concentrates, 
Tails, 


Percentage 

Fe. 

Zn. 

by  weight. 

Per  cent. 

Per  cent 

.       100 

18.60 

29.57 

33 

49.45 

5.58 

67 

3.41 

41.40 

Manganese-Ores. — Although  several  tests  have  been  made  on 
manganese-ores,  they  do  not  show  to  full  advantage  the  appli- 
cation of  the  process  to  this  material,  as  the  pyrolusite  was  in 
itself  siliceous  through  chemically  combined  silica. 

As  showing  the  practicaljility,  however,  of  concentrating 
manganese-ores,  the  following  test  is  given : 

*  It  is  regretted  that  business  negotiations  and  commercial  calculations  are  not 
far  enough  advanced  to  permit  figures  of  costs  and  value  of  tlie  concentrates  to  be 
published  at  the  present  time. 
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Manganese-Ore  {Culls  from  Waste-Heap,  Consisting  of  Particles  of 
Chert  in  a  Matrix  of  Siliceous  Pyrolusite),  Cave  Spring,  Ga. 

Percentage         SiOo.  Mn. 

by  weight.  Per  cent.  Per  cent. 

Original  Ore, 100  43.(0  28.78 

Concentrates, 52  20.8o  40.91 

Tails, 48  67.20  15.54 

Conclusions. 

In  the  application  of  this  process,  limitations  wall  be  en- 
countered similar  to  those  common  to  other  methods  of  concen- 
tration. The  constituents  of  the  material  to  be  concentrated 
must  exist  in  a  visible  mechanical  mixture,  so  that,  after  crush- 
ing, each  constituent  may  be  present  in  separate  and  distinct 
particles.  As  already  stated,  the  Wetherill  machines  have  suc- 
cessfully handled  material  up  to  |-inch  in  diameter,  and  a 
coarser  crushing  than  this  is  seldom  advisable  in  concentration. 
As  a  rule,  finer  crushing  is  necessary  on  account  of  the  struc- 
tural condition  of  the  raw  material,  as  is  the  case  in  the  Clin- 
ton fossil-ores. 

The  antipathy  against  the  use  of  fine  ores  in  the  blast-fur- 
nace has  been  greatly  overcome  by  the  successful  utilization  of 
the  Mesabi  fine  ores  in  the  Pittsburgh  district,  where  33  per 
cent,  of  material,  running  less  than  8-mesh  in  size,  constitutes 
the  regular  furnace-charge,  and  as  high  as  60  per  cent,  has 
been  used  without  serious  difliculty.  Briquetting  may,  in  some 
cases,  be  resorted  to,  especially  where  a  self-fluxing  and  par- 
tially self-reducing  briquette  can  be  made,  and  where  these  ad- 
vantages counterbalance  the  additional  cost  of  manufacture. 

AVhen  the  difference  between  the  magnetic  permeability  of 
the  constituents  is  marked,  a  preliminary  sizing  of  the  material 
is  unnecessary ;  but  this  must  be  resorted  to,  and  the  number 
of  sizes  be  proportionately  increased,  as  the  magnetic  differ- 
ence becomes  less.  The  process  resembles  in  this  respect  an 
air-  or  water-separation.  In  rare  instances  this  difference  may 
be  practically  nil,  and  a  separation  may  become  impossible. 
Such  was  found  to  be  the  case  in  the  attempted  separation 
of  chromite  and  serpentine  in  a  certain  chrome-ore,  these  two 
ingredients  showing  practically  the  same  magnetic  properties. 

Experience  has  shown  that  the  actual  cost  of  magnetic  con- 
centration, under  usual  conditions,  will  not  exceed  five  cents 
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per  ton  of  raw  ore.  -  The  cost  of  preparing  the  ore  for  the 
machines  by  drying,  crushing  and  sizing  will  depend  to  a  great 
extent  upon  the  character  of  the  ore,  locality  of  the  deposits 
and  other  conditions,  and  will  not  differ  from  the  correspond- 
ing cost  under  any  other  method  of  concentration. 


The  Actual  Accuracy  of  Chemical  Analysis.* 

BY  F.  P.  DEWEY,  WASHINGTON,  D.  C. 

(Colorado  Meeting,  September,  1896.) 

The  subject  of  this  paper  does  not  embrace  the  consideration 
of  ways  and  means  for  the  increase  of  analytical  accuracy,  or 
the  question  what  could  or  should  be  attained  in  that  direction. 
I  desire  simply  to  call  attention  to  the  degree  of  accuracy  ex- 
hibited in  actual  every-day  practice.  In  estimating  this,  little 
weight  will  be  given  to  the  evidence  afforded  by  the  agreement 
of  duplicate  or  multiple  determinations  by  the  same  chemist ; 
for  I  am  convinced  that  such  agreement  is  a  delusion  and  a 
snare.  'Nov  will  special  importance  be  attached  to  the  agree- 
ment of  two  or  even  three  analyses  in  special  cases,  or  to  the 
agreement  between  two  methods  practiced  by  the  same  analyst. 
I  propose  to  compare  the  results  obtained  by  several  chemists, 
working  upon  the  same  sample  and  by  various  methods,  in 
order  to  exliibit,  as  I  have  said,  the  actual  condition  of  practice. 

The  available  material  for  illustrating  this  phase  of  the  ques- 
tion is  unfortunately  scanty;  but  something  has  been  done; 
and  I  hope,  by  calling  attention  to  some  of  the  work  in  this 
line,  to  stimulate  further  work  in  the  same  direction  by  in- 
ducing others  to  prepare  suitable  samples  and  submit  them  to 
various  chemists  who  are  competent  and  willing  to  make  the 
necessary  determinations,  and  fully  describe  the  methods  they 
employ. 

I  draw  most  of  my  illustrations  from  the  Ti^ansactions  of  the 
Institute,  the  Proceedings  of  the  Association  of  Official  Agricul- 
tural Chemists,  and  from  personal  experience. 

Manganese  in  Steel. — In  May,  1881,  Mr.  William  Kent  pre- 
sented a  paper  to  the  Institute  entitled  "  Manganese  Deter- 

*  This  paper  was,  by  arrangement,  read  also  before  the  American  Chemical 
Society. 
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minatioiis  in  Steel,"*  in  which  he  gave  twenty-four  determina- 
tions of  manganese,  made  by  ten  different  chemists,  employing 
two  main  methods,  on  samples  from  a  plate  of  steel.  These  re- 
sults presented  the  remarkable  range  of  from  1.14  per  cent,  to 
0.303  per  cent.,  and  one  chemist  reported  results  ranging  from 
1.14  per  cent,  to  0.434  per  cent. 

A  portion  of  this  variation  was  undoubtedly  due  to  variations 
in  the  samples,  since  the  same  sample  was  not  used  throughout 
by  the  different  chemists. 

Throwing  out  the  anomalous  result  of  1.14  per  cent,  we  have 
twenty-three  determinations  running  from  0.619  to  0.303,  with 
an  average  of  0.415  per  cent.,  thus  showing  that  at  that  time 
the  determination  of  manganese  in  steel,  when  only  about  0.4 
per  cent,  was  probably  present,  might  exhibit  an  extreme  varia- 
tion between  the  highest  and  lowest  results  of  about  0.3  per 
cent,  or  75  per  cent,  of  the  amount  of  manganese  present. 

These  results  were  certainly  very  discouraging ;  but  if  they 
did  nothing  else,  they  served  to  call  attention  to  the  very  unsat- 
isfactory character  of  the  determination  of  manganese  in  steel 
at  that  time. 

I  do  not  recall  any  recent  symposium  on  the  determination 
of  manganese  in  this  class  of  material;  but  in  1886  Captain  A. 
E.  Hunt,!  in  giving  a  measure  of  the  accuracy  of  the  colori- 
metric  method,  speaks  of  a  variation  of  0.02  per  cent,  in  steels 
containing  0.15  to  1.5  per  cent,  of  manganese  as  "  sufficiently 
accurate  for  all  practical  work,"  thus  clearly  intimating  that  the 
current  results  of  analysis  by  other  methods  were  at  least  as 
good.  This  degree  of  accuracy,  if  attained  by  difl'erent  chem- 
ists upon  the  same  sample,  must  be  considered  a  satisfactory 
advance  over  the  results  reported  by  Mr.  Kent. 

Early  in  1883  Mr.  G.  C.  Stone  began  a  series  of  contributions 
on  the  "  Determination  of  Manganese  in  Spiegel."^  In  his  first 
paper  he  reported  13  determinations  by  5  chemists,  all  work- 
ing upon  the  same  "  works  "-sample,  showing  from  15.49  to 
13.83  per  cent.,  and  also  26  determinations  by  10  chemists,  all 
working  upon  a  sample  of  the  same  spiegel,  prepared  with  es- 
pecial care  jointly  by  Mr.  Stone  and  one  of  the  other  chemists. 


*  Trans.,  x.,  101.  t  Trans.,  xv.,  104. 

X  Trans.,  xi.,  323  ;  xii.,  295,  514. 
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showing  from  14.56  to  10.36  per  cent.  But  some  of  the  low  re- 
sults were  obtained  by  experimental  methods. 

In  the  fall  of  1883  Mr.  Stone  reported  20  additional  deter- 
minations by  5  other  chemists,  ranging  from  14.20  to  10.76  per 
cent.,  the  extremes  being  reported  by  the  same  chemist  when 
working  by  different  methods,  his  favorite  method  giving  from 
13.84  to  13.65  per  cent.;  the  three  low  results  (less  than  11  per 
cent.)  were  obtained  by  the  Williams  method.  In  this  connec- 
tion Mr.  Stone  presented  an  interesting  table,  dividing  the 
methods  used  into  4  classes  and  the  results  into  3  classes,  giving 
respectively,  below  13;  between  13  and  14;  and  above  14  per 
cent. 

In  the  spring  of  1884,  Mr.  Stone  reported  27  new  results,  19 
by  4  new  chemists,  and  8  by  one  previously  reported,  whose 
new  results  were  obtained  by  several  methods. 

We  have  thus  73  determinations  by  19  different  chemists. 
Of  these,  2  are  thrown  out  on  account  of  the  method  used,  and 
11  "  because  the  chemists  were  not  entirely  satisfied  wdth 
them,"  leaving  60  determinations  by  18  chemists,  using  12 
methods. 

These  60  results  range  from  14.47  to  12.60  per  cent,  and 
average  13.39  per  cent.  Leaving  out  8  determinations  by  one 
method  which  is  considered  to  give  low  results,  the  low^est  de- 
termination becomes  12.92  and  the  average  13.48  per  cent., 
showing  an  extreme  variation  of  1.55  per  cent,  of  manganese 
between  the  highest  and  lowest  results,  and  showing  only  44 
per  cent,  of  the  results  within  0.2  per  cent,  of  the  average. 

In  the  discussion  of  Mr.  Stone's  second  paper,  Mr.  J.  B. 
Mackintosh*  presented  an  analysis  of  Mr.  Stone's  first  46  re- 
sults, retaining  the  results  by  the  Williams  method,  from  which 
he  argued  that  the  evidence  pointed  to  12.956  per  cent,  as  the 
true  content  of  manganese  in  this  spiegel.  If  this  is  the  case 
then  there  is  a  very  decided  tendency  to  get  too  high  results  in 
this  class  of  work. 

Taken  as  a  whole,  this  investigation  would  seem  to  show  that 
variations  of  0.5  per  cent,  in  the  determination  of  manganese 
in  this  grade  (10  to  15  per  cent.  Mn)  of  spiegel  are  to  be  ex- 
pected, and  much  wider  variations  may  be  found. 


*  Trails.,  xii.,  300. 


THE  ACTUAL  ACCURACY  OF  CHEMICAL  ANALYSIS.     373 

Phosphorus  in  Phj-Iron. — Early  in  the  80's,  Messrs.  Potter  and 
Riggs,  of  St.  Louis,  Mo.,  sent  out  a  sample  of  pig-iron  for  the 
determination  of  phosphorus. 

This  examination  yielded  26  results,  by  11  chemists,  using  5 
methods,  ranging  from  0.181  to  0.141  and  averaging  0.160  per 
cent.,  and  showing  an  extreme  variation  of  0.040.  The  maxi- 
mum variation  reported  by  any  one  chemist  was  0.017  per  cent., 
Avhile  three  reported  duplicates  agreeing  to  0.001  per  cent. 
These  results  have  never  been  published.  One  of  the  chem- 
ists discovered  arsenic  in  the  sample,  which  would  account  for 
some  of  the  variation  in  the  series.  His  determinations,  in 
duplicate,  were  0.151  and  0.152  per  cent. 

In  February,  1882,  Mr.  F.  E.  Bachman  presented  a  paper  to 
the  Institute,*  in  which  he  reported  44  results  by  18  chemists, 
using  4  methods,  ranging  from  0.165  to  0.096  and  averaging 
0.143  per  cent.  The  extreme  variation  was  0.069  per  cent. 
The  maximum  variation  reported  by  any  one  chemist  on 
straight  duplicates  was  0.01  and  the  minimum  0.0004  per  cent. 
Experimental  determinations  by  Mr.  Bachman,  using  different 
processes,  yielded  variations  amounting  to  0.043  per  cent. 

At  the  Atlanta  meeting,  in  October,  1895,  Mr.  George  E. 
Thackray  presented  a  paper  entitled,  "A  Comparison  of  Re- 
cent Phosphorus  Determinations  in  Steel."  f  He  first  gives  a 
table  of  determinations  of  phosphorus  by  two  chemists  on  8 
samples,  the  differences  ranging  from  0.033  to  0.012  per  cent, 
one  chemist  uniformly  getting  high  results.  One  found  from 
0.080  to  0.074  per  cent.,  and  the  other  0.110  to  0.088  per  cent. 
in  these  steels.     These  results  were  manifestly  unsatisfactory. 

A  second  table  shows  results  by  3  chemists,  the  buyer's,  the 
seller's  and  an  arbitrator.  By  the  arbitrator's  determinations 
these  steels  carried  from  0.087  to  0.063  per  cent,  of  phosphorus. 

The  maximum  difference  in  any  set  of  3  results  was  0.017 
and  the  minimum  0.005  per  cent. 

These  results  were  obtained  in  the  settlement  of  sales.  As  a 
result  of  the  discussion  which  accompanied  the  matter,  two 
samples  of  steel  were  prepared  and  sent  to  various  chemists. 
A  fourth  table  gives  36  results  obtained  by  23  chemists,  using 
29  methods  on  one  steel,  showing  results  averaging  0.0496  and 


*  Trans.,  x.,  :^22.  t  Trans.,  xxv.,  370. 
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ranging  from  0.055  to  0.045  per  cent.,  an  extreme  variation  of 
only  0.010  per  cent.  Any  individual  result  was  practically 
within  0.005  per  cent,  of  the  average. 

On  the  second  sample  38  results  are  reported,  averaging 
0.0835  and  ranging  from  0.091  to  0.076  per  cent.,  an  extreme 
variation  of  0.015  per  cent. 

My  own  results  on  these  steels  are  not  given,  as  they  were 
not  reported  in  time ;  but  they  add  two  more  results  by  one 
more  chemist  in  each  case ;  and  the  results  fall  within  the 
limits. 

These  results  must  be  regarded  as  highly  satisfactory,  and 
show  that  here,  at  least,  is  one  determination  that  can  be  made 
by  many  chemists  w^orking  in  many  different  ways,  and  yet 
with  results  agreeing  very  closely  together.  While  it  may  not 
be  necessary  to  determine  many  things  as  closely  as  phosphorus 
in  steel,  yet  it  would  be  highly  satisfactory  if  we  could  do  so ; 
and  this  is  a  good  standard  of  excellence  for  us  to  aim  at. 

Phosphoric  Acid. — As  compared  with  the  accuracy  secured  in 
the  determination  of  phosphorus  in  steel,  the  1894  report  of 
the  Association  of  Official  Agricultural  Chemists*  shows  that 
on  one  sample  39  determinations  of  insoluble  phosphoric  acid 
by  18  chemists,  working  by  the  official  method,  showed  results 
ranging  from  0.45  to  0.03,  with  an  average  of  0.27  per  cent., 
the  extreme  variation  being  0.42  per  cent.,  or  over  1 J  times  the 
average  determination. 

By  another  method,  on  the  same  sample,  36  determinations 
by  19  chemists  showed  results  varying  from  0.34  to  0.04,  with 
an  average  of  0.19  per  cent. ;  the  extreme  variation  being 
0.30  per  cent.,  or  over  1|  times  the  average. 

We  have  thus  75  determinations  by  19  chemists,  working  by 
two  methods,  showing  results  ranging  from  0.45  to  0.03,  with 
an  average  of  0.233  per  cent.,  the  extreme  variation  being  0.42 
per  cent.,  or  nearly  twice  the  average  determination. 

On  another  sample  33  determinations  by  17  chemists  work- 
ing by  the  official  method  showed  results  ranging  from  3.85 
to  2.24,  with  an  average  of  2.82  per  cent.,  the  extreme  varia- 


*  Proceedings  of  the  Eleventh  Annual  Convention  of  the  Association  of  Official  Agricultural 
Cliemists,  August  23,  24  and  2o,  1894.  Bulletin  No.  43,  U.  S.  Department  of  AgiH- 
culture,  Division  of  Chemistry,  p.  76. 
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tion  being'  1.61  per  cent.,  or  considerably  more  than  one-lialf 
of  the  average. 

By  another  method,  on  the  same  sample,  35  determinations 
by  17  chemists  showed  results  ranging  from  3.49  to  2.18, 
with  an  average  of  2,83  per  cent.,  the  extreme  variation  being 
1.81  per  cent.,  or  nearly  one-half  the  average. 

Summing  up  again,  we  have  68  determinations  by  18  chem- 
ists, working  by  two  methods,  showing  results  ranging  from  3.85 
to  2.18,  with  an  average  of  2.82  per  cent.,  the  extreme  varia- 
tion being  1.67  per  cent. 

The  same  report*  shows  that  on  one  sample  the  results  of  29 
determinations  of  citrate-soluble  phosphoric  acid  by  14  chem- 
ists, by  the  direct  method  of  Ross,  varied  from  2.47  to  1.04, 
with  an  average  of  1.52  per  cent.,  the  extreme  variation  being 
1.43  per  cent.,  or  nearly  equal  to  the  average  of  all  the  deter- 
minations. 

On  the  same  sample,  by  the  official  method,  the  results  of 
23  determinations  by  14  chemists  ranged  from  2.26  to  1.18, 
with  an  average  of  1.46  per  cent.,  the  extreme  variation  being 
1.08  per  cent.,  or  over  two-thirds  of  the  average  determina- 
tion. 

Summing  up,  we  have  52  determinations  by  14  chemists, 
Avorkiug  by  two  methods,  ranging  from  2.47  to  1.04  and  aver- 
aging 1.49  per  cent.,  the  extreme  variation  being  1.43  per 
cent.,  or  nearly  equal  to  the  average. 

On  another  sample,  36  determinations  by  15  chemists,  by  the 
direct  method  of  Ross,  ranged  from  3.29  to  1.87,  with  an  aver- 
age of  2.36  per  cent. ;  the  extreme  variation  being  1.42  per  cent., 
or  considerably  over  one-half  of  the  average  determination. 

On  the  same  sample,  24  determinations  by  15  chemists 
ranged  from  3.40  to  2,08,  with  an  average  of  2,60  per  cent;  the 
extreme  variation  being  1.32  per  cent.,  or  a  little  over  one-half 
of  the  average  determination. 

Summing  up,  we  have  60  determinations  by  15  chemists, 
working  by  two  methods,  ranging  from  3.40  to  2.08,  and  aver- 
aging 2.44  per  cent;  the  extreme  variation  being  1.32  per  cent,, 
or  a  little  over  one-half  of  the  average  determination. 

In  the  determination  of  the  total  phosphoric  acidf  45  deter- 

*  Ibid.,  p.  72,  t  I^id-,  PP-  81,  82,  83. 
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miiiations,  by  18  chemists,  ranged  from  20.67  to  19.74,  with  an 
average  of  20.09  per  cent.,  the  extreme  variation  being  0.93 
per  cent.  By  a  volumetric  method,  30  determinations  by  11 
chemists,  ranged  from  20.60  to  19.83,  with  an  average  of  20.14 
per  cent.,  the  extreme  variation  being  0.77  per  cent.  By 
another  volumetric  method,  21  determinations  by  10  chemists 
ranged  from  20.45  to  19.27,  with  an  average  of  19.96  per  cent. ; 
the  extreme  variation  being  1.18  per  cent. 

Combining  these  results,  we  have  96  determinations  by  18 
chemists,  working  by  three  methods,  ranging  from  20.67  to 
19.27,  with  an  average  of  20.08  per  cent.;  the  extreme  varia- 
tion being  1.40  per  cent. 

Similarly,  on  another  sample,  we  have  120  determinations  by 
22  chemists,  working  by  the  same  three  methods,  ranging  from 
18.15  to  16.25,  with  an  average  of  17.26  per  cent. ;  the  extreme 
variations  being  1.90  per  cent. 

Again,  on  another  sample,  we  have  96  determinations  by  21 
chemists,  working  by  the  same  three  methods,  ranging  from 
2.85  to  2.20,  with  an  average  of  2.50  per  cent;  the  extreme 
variation  being  0.65  per  cent. 

Copper. — At  the  August  meeting  of  the  Institute,  in  1882,  Mr. 
W.  E.  C.  Eustis  presented  a  paper  entitled  "  Comparison  of 
Various  Methods  of  Copper  Analysis."*  For  the  purpose  of 
this  comparison,  a  very  complex  sample  was  made  up,  contain- 
ing sulphides,  oxides  and  metallic  copper,  a  silicate,  sulphides 
of  iron  and  zinc,  arsenic  and  nickel.  The  paper  reports  45  de- 
terminations by  17  chemists,  using  some  eight  methods.  The 
result  showed  a  wide  variation,  ranging  from  53.34  to  43.90, 
and  averaging  47.75  per  cent.  After  throwing  out  a  set  of  six 
results  from  one  concern,  all  of  which  were  more  than  2  per 
cent.,  and  two  of  them  nearly  5  per  cent,  above  the  nearest 
other  result,  as  being  manifestly  too  high,  and  two  results  by 
one  chemist  and  one  method,  which  were  more  than  2  per  cent, 
below  the  nearest  other  result,  the  series  still  ranges  from 
48.72  to  46.24,  with  an  average  of  47.23  per  cent,  and  a  maxi- 
mum variation  of  2.48  per  cent.,  which  cannot  be  considered 
very  satisfactory. 

The  same  paper  reported  17  determinations  by  7  chemists  on 
borings  of  pig-copper.     These  ranged  from  91.07  to  98.17  and 

*  Trans.,  xi.,  120. 
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averaged  94.25  per  cent.  After  tlirowing  out  two  results  that 
were  nearly  3  per  cent,  higher  than  the  nearest  other  result,  and 
four  that  were  over  3  per  cent,  below  the  nearest  other  result, 
the  series  ranges  from  94.91  to  94.38,  with  an  average  of  94.69 
per  cent.  The  extreme  variation  of  only  0.53  per  cent,  must 
be  regarded  as  very  good  work,  especially  when  we  consider 
the  character  of  the  material. 

At  the  Florida  meeting,  in  March,  1895,  the  results  of  a 
symposium  on  copper  and  copper-matte,  initiated  by  Br.  A.  E. 
Ledoux,  of  New  York  City,  were  presented.*  Eight  chemists 
reported  the  copper  in  the  matte,  some  in  duplicate  or  more,  as 
determined  by  electrolysis,  as  ranging  from  55.17  to  54.50  and 
averaging  54.91  per  cent.  The  extreme  variation  was  only  0.67 
per  cent.,  and  this  must  be  regarded  as  satisfactory,  and  very 
much  better  than  the  results  on  Mr.  Eustis's  complex  mixture. 

Six  chemists  reported  results  by  the  cyanide  method  ranging 
from  54.8  to  50.55  per  cent.,  all  but  one  of  the  results  being 
below  the  lowest  electrolytic  result.  These  cannot  be  regarded 
as  satisfactory. 

A  plate  of  copper  made  from  melted  anodes  was  drilled,  and 
six  chemists  reported  the  copper  in  the  drillings,  as  found  by 
the  electrolytic  method,  as  ranging  from  98.45  to  97.04,  and 
averaging  97.67  per  cent.,  with  a  maximum  difference  of  1.41 
per  cent.  These  results  are  not  as  good  as  those  previously  re- 
ported by  Mr.  Eustis. 

Gold  and  Silver  in  CopjJer- Materials. — The  symposium  above 
referred  to  was  undertaken  primarily  to  test  methods  of  assay- 
ing copper-material  for  gold  and  silver.  Fourteen  chemists  re- 
ported the  silver  by  scorification-assay,  some  entirely  uncor- 
rected, some  partially  corrected  and  some  corrected  for  both 
loss  in  slag  and  cupel  and  presence  of  copper  in  the  silver  but- 
ton. The  averaged  results  ranged  from  135.38  to  122.88,  and 
averaged  128.86  ounces  per  ton;  the  extreme  variation  being 
12.5  ounces  per  ton,  or  9.7  per  cent,  of  the  average. 

Mne  chemists  reported  ten  results  by  combined  wet  and 
scorification  methods,  a  few  of  them  corrected  for  slag-  and 
cupel-absorption.  The  averaged  results  ranged  from  130.68  to 
123.03,  and  averaged  127.25  ounces  per  ton  ;  the  extreme  varia- 
tion was  7.65  ounces  per  ton,  or  5.97  per  cent,  of  the  average 
determination. 

*  Trans.,  xxv.,  250,  1000. 
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One  chemist  reported  123.6  ounces  per  ton  by  the  crucible- 
method. 

Anotlier  reported  126.2  ounces  per  ton  by  combined  wet  and 
crucible-method,  corrected  for  slag  and  cupel. 

Summing  up,  we  have  26  results  by  20  chemists,  working  by 
two  main  methods,  but  both  of  them  modified  in  various  ways, 
and  two  methods,  each  by  a  single  chemist,  varying  from 
135.38  to  122.88,  and  averaging  127.94  ounces  per  ton;  the 
extreme  variation  was  12.5  ounces  per  ton,  or  9.77  per  cent,  of 
the  average  determination. 

In  the  case  of  the  silver-assay  of  the  copper-borings,  9  chem- 
ists reported  by  the  scorification-method,  wdth  and  without  cor- 
rections. The  averaged  results  varied  from  164.05  to  154.40, 
and  averaged  159.36  ounces  per  ton ;  the  extreme  variation  was 
9.65  ounces  per  ton,  or  6.06  per  cent,  of  the  average. 

Fifteen  chemists  reported  16  results  by  combined  wet  and 
scorification-methods,  with  and  without  corrections.  The  aver- 
aged results  varied  from  161.40  to  148.50,  and  averaged 
156.48  ounces  per  ton;  the  extreme  variation  was  12.9  ounces 
per  ton,  or  8.24  per  cent,  of  the  average.  A  single  chemist 
reported  161.35  ounces  per  ton  by  combined  wet  and  crucible- 
process,  corrected  for  slag  and  cupel. 

Summing  up,  we  have  26  determinations  by  20  chemists, 
working  by  three  methods,  ranging  from  164.35  to  148.5,  and 
averaging  157.67  ounces  per  ton;  the  extreme  variation  was 
15.85  ounces  per  ton,  or  10.05  per  cent,  of  the  average  deter- 
mination. 

Twenty  chemists,  working  by  the  four  methods,  reported  26 
results  on  the  gold  in  the  matte,  varying  from  2.41  to  1.85,  and 
averaging  2.245  ounces  per  ton;  the  extreme  variation  was 
0.56  ounce  per  ton,  or  24.94  per  cent,  of  the  average. 

On  the  gold  in  the  copper-borings,  20  chemists,  working  by 
two  main  methods,  each  one  variously  modified,  and  the  com- 
bined wet  and  crucible-method  by  a  single  chemist,  reported  26 
results,  varying  from  0.501  to  0.205,  and  averaging  0.307  ounce 
per  ton;  the  extreme  variation  was  0.296  ounce  per  ton,  or 
96.4  per  cent,  of  the  average  determination. 

Potash. — In  the  determination  of  potash,  the  1894  report  of 
the  Association  of  Official  Agricultural  Chemists*  gives  6  de- 

*  Page  22. 
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terminations  of  IvCl  by  6  chemists,  by  one  method,  ranging 
from  97.70  to  99.32,  with  an  average  of  98.56  per  cent.;  the 
extreme  variation  ])eing  1.53  per  cent.  By  another  method,  on 
the  same  sample,  7  determinations  by  7  chemists  range  from 
97.21  to  98.86,  averaging  98.16  per  cent.  Combining  these  re- 
suhs,  we  have  13  results  by  7  chemists,  by  two  methods,  rang- 
ing from  97.21  to  99.32,  and  averaging  98.35  per  cent. ;  the 
extreme  variation  being  2.11  per  cent. 

This  report  contains  also  a  table  of  results  on  soil  analyses,* 
which  I  quote  entire : 

Table  of  Averages. 
Soil  Samjde  No.  2. 
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Soil  Sample  No.  3. 
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The  Bertrand-Thiel  Open-Hearth  Process. 

BY  JOSEPH   HARTSHORNE,    PHILADELPHIA,   PA. 

(Colorado  Meeting,  September,  1896.) 

For  something  over  two  years  past  a  new  development  of  the 
open-hearth  process  has  been  in  operation  at  the  works  of  the 
Prager  Msenindnstrie-Gesellschaft  at  Kladno,  in  Bohemia.  It 
was  devised  and  perfected  by  Mr.  Ernst  Bertrand,  general  su- 
perintendent, and  Mr.  Otto  Thiel,  steel-works  superintendent. 
The  results  which  the  inventors  wished  to  obtain  were  to  in- 
crease the  product  per  furnace,  to  reduce  the  amount  of  refrac- 
tories and  additions  used,  to  enable  a  poorer  and  more  varied 
quality  of  stock  to  be  employed,  to  improve  the  quality  of  the 
material  produced  and  to  render  the  control  of  the  operations 
and  product  more  certain.  In  all  of  these  objects  they  have 
been  successful,  and  have  thereby  considerably  reduced  the  cost 
of  manufacture  and  increased  the  value  of  the  finished  material. 

The  Plant. 

The  plant  at  Kladno  consists  of  one  12-ton  and  one  20-ton 
furnace.  Through  an  incident  of  construction  the  smaller  fur- 
nace stands  some  distance  behind  and  to  one  side  of  the  larger 
furnace,  and  at  a  height  of  about  10  feet  above  it.  The  fur- 
naces are  in  the  same  building  as  the  Bessemer  converters,  and 
the  metal  is  handled  in  the  same  casting-house  by  means  of  a 
locomobile  ladle-crane. 

The  relative  position  of  the  furnaces  suggested  the  experi- 
ments by  which  the  process  was  developed,  and  also  enabled  it 
to  be  thoroughly  tested.  Much  valuable  and  practical  work 
has  been  done  in  this  plant,  although  it  is  not  as  convenient 
and  suitable  as  one  especially  designed  for  the  process  would 
be.  Nevertheless,  the  pecuniary  and  technical  results  have 
warranted  its  continuous  operation. 

The  Process. 
The  process,  as  at  present  carried  out  at  Kladno,  consists 
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essentially  in  tlividin-  the  charge  between  the  two  furnaces, 
tappino-  ihe  metal  from  the  upper  into  the  lower  one  and  re- 
moving the  slag  from  this  metal  during  its  progress  from  one 
furnace  to  the  other. 

Both  furnaces  are  at  work  on  the  basic  system,  although  this 
is  not  an  essential  feature  of  the  process.  Pig-iron  high  in 
phosphorus  and  silicon  is  charged  into  the  upper  furnace  with 
a  small  portion  of  the  scrap,  if  desired,  and  also  a  certain  quan- 
tity of  ore  and  Umestone.  The  remainder  of  the  scrap  is 
charo-ed  into  the  lower  furnace,  together  with  pig-iron  and  a 
small   quantity  of  limestone.     A  little   ore  is   also  added,  if 

necessary.  , 

The  upper  furnace  is  first  charged  and  the  metal  is  melted 
and  made  hot.  This  takes  about  three  hours.  By  the  end  of 
this  time  the  metal  is  hot  and  fluid,  the  sihcon  is  all  in  the  slag 
and  the  carbon  and  phosphorus  are  to  a  considerable  degree 
eliminated.     It  is  then  ready  for  tapping. 

The  lower  furnace  is  charged  about  two  hours  later  than  the 
upper  one.  By  the  time  the  heat  in  the  upper  furnace  is  ready 
for  tapping  the  metal  in  the  lower  one  is  also  fluid. 

The  primary  furnace  is  then  tapped,  the  slag  being  carefully 
skimmed  oft'  the  metal  as  it  passes  down  the  trough  and  pre- 
vented from  entering  the  secondary  furnace.  As  soon  as  the 
two  metals  mix  together  a  very  lively  reaction  ensues,  which 
quiets  down  in  about  a  quarter  of  an  hour.  The  phosphorus 
is  then  below  0.03  per  cent,  in  the  bath.  The  heat  is  fimshed 
by  the  addition  of  ferro-manganese  or  spiegel,  and  is  ready  to 
be  tapped,  if  no  further  improvement  in  quality  be  desired. 
Fifteen  minutes  longer  in  the  furnace  brings  the  phosphorus 

below  0.02  per  cent.  .     -,  x-  ;i 

While  the  above  may  be  called  the  standard  practice,  and 
the  one  best  fitted  for  a  new  plant  and  ordinary  conditions,  it 
is  evident  that  this  practice  may  be  modified  very  much  to  suit 
special  circumstances.  For  instance,  the  transfer  from  the  pri- 
mary to  the  secondary  furnace  maybe  made  by  means  of  a 
ladle  instead  of  a  trough.  Although  this  method  of  transfer 
is  not  as  convenient,  and  will  involve  more  loss  of  time  and 
temperature,  still  it  will  probably  be  more  readily  and  cheaply 
installed  in  existing  plants  where  the  furnaces  are  all  on  the 
same  level.     This  is  especially  the  case  in  those  plants  which 
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have  no  room  where  primary  furnaces  could  be  erected  on  a 
higher  level.  The  loss  of  time  and  heat  in  this  method  will 
not  be  very  great,  certainly  not  great  enough  to  affect  mate- 
rially the  advantages  of  the  process.  As  a  matter  of  conveni- 
ence and  economy,  however,  it  will  generally  be  better,  in  de- 
signing a  new  plant,  to  put  the  furnaces  on  different  levels  and 
to  transfer  by  means  of  a  trough,  since  there  is  no  difficulty 
in  effectually  preventing  the  slag  from  passing  into  the  lower 
furnace. 

It  is  evident  also  that  the  character  of  the  charges  in  the  two 
furnaces  will  vary  materially  with  the  local  conditions  affecting 
the  supply  of  raw  materials.  Where  scrap  is  cheap  and  plen- 
tiful, more  will  be  charged  into  the  primary  furnace  and  the 
charge  in  the  secondary  one  may  contain  no  pig-iron  at  all. 
Where  scrap  is  scarce  and  dear,  none  w411  be  charged  into  the 
primary  furnace,  and  only  the  commercially  available  amount 
will  be  used  in  the  secondary  furnace.  In  all  cases  the  mate- 
rial higher  in  silicon,  phosphorus  and  sulphur  will  be  charged 
into  the  primary  furnace  and  the  available  amount  of  purer 
material  ^vill  be  charged  into  the  secondary  furnace  together 
with  the  necessary  amount  of  other  stock. 

Examples  of  Practice. 

In  order  to  show  what  has  been  done  some  typical  opera- 
tions are  here  described. 

The  earliest  charges  were  made  up  and  treated  as  follows : 

Upper  Furnace.  Tons. 

Mottled  and  gray  pig-iron, 9 

Steel  scrap,  ...........     2 

Magnetic  iron  ore,         .........     1 

Limestone,    ...........     1 

The  pig-iron  contained  from  1.06  to  1.2  per  cent,  of  phos- 
phorus, about  1  per  cent,  of  silicon  and  0.3  per  cent,  of  man- 
ganese. 

Lower  Furnace.  Tons. 

Tlie  same  pig  iron, 2 

Steel  scrap, 10 

Limestone,  ...........       1 

The  lower  furnace  was  charged  one  hour  after  the   upper 
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one.  In  two  and  a  half  hours  after  charging  the  metal  in  the 
upper  furnace  was  perfectly  melted  and  boiling,  and  the  phos- 
phorus was  about  0.4  per  cent.  This  metal  was  then  let  down 
into  the  lower  furnace,  the  charge  of  which  had  been  also 
thoroughly  melted.  The  slag  from  the  upper  furnace  was 
skimmed  o&  as  it  passed  down  the  trough.  In  a  quarter  of  an 
hour  after  the  two  charges  were  united  the  test  samples  showed 
0.015  per  cent,  of  phosphorus.  After  the  addition  of  ferro- 
manganese  the  steel  in  the  ingots  showed  0.065  per  cent,  of 
carbon  and  0,015  of  phosphorus. 

The  other  heats,  made  with  the  same  raw  materials,  gave 
simikir  results  in  all  cases.  It  was,  however,  found  advisable 
to  tap  the  upper  furnace  when  the  bath  contained  about  0.6  per 
cent,  of  phosphorus.  The  metal  flowed  better  in  the  trough, 
owing  to  its  higher  contents  of  carbon  and  phosphorus. 

Having  been  thoroughly  tested  on  this  material,  the  process 
was  then  tried  on  the  regular  pig-iron  used  in  the  basic  Besse- 
mer practice  of  the  works.  This  pig  contains  about  2.5  per 
cent,  of  phosphorus  and  about  0.2  per  cent,  of  silicon.  The 
charges  were  as  follows : 

Upper  Furnace.  Tons. 

Basic  Bessemer  pig  iron,         .......     8 

Limestone,     ..........     0.8 

Steel  scrap, 3 

Magnetic  iron  ore,  .         .         .         .         .         .         •         .0.5 

Lower  Furnace.  Tons. 

Steel  Scrap, 10 

Limestone,     ........         .        .       0.25 

Experience  has  shown  that  less  limestone  and  ore  were 
needed  than  had  at  first  been  used,  even  when  the  mixture  was 
decidedly  more  phosphoric.  After  less  than  three  hours  the 
upper  furnace  was  tapped  into  the  lower  one. 

The  phosphorus  in  the  upper  bath  was  about  as  before,  but 
sometimes  was  as  low  as  0.80  to  0.20  per  cent. 

The  resulting  steel  was  of  the  same  quality  as  before.  The 
first  heat  made  from  this  mixture  contained  0.065  per  cent,  of 
carbon  and  0.031  of  phosphorus.  The  phosphorus  was  rarely 
above  this  amount  when  the  bath  was  quiet  and  ready  to  tap, 
and,  of  course,  could  be  brought  still  lower  by  holding  the 
metal  in  the  furnace  a  little  longer. 
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Some  heats  were  made  with  nothing  but  pig-iron  in  the 
upper  furnace. 

This  practice  was  not  continued,  as  scrap  would  have  ac- 
cumulated too  fast,  but  the  results  were  satisfactory.  In  these 
cases  the  charges  were  : 

Upper  Furnace.  Tons. 

Basic  Bessemer  pig-iron, 10 

Magnetic  iron-ore,  .         .         .         .         .         .         .         .         .1.5 

Limestone,       .         .........       1 

Lov:er  Furnace.  Tons. 

Steel  scrap, 8 

Forge  pig-iron,         .........  3 

Limestone,       ..........  0.75 

The  time  taken  to  make  the  heat  was  about  the  same,  and 
the  same  quality  of  steel  resulted. 

According  to  the  practice  now  followed  the  charges  are  as 
follows  : 

Upper  Furnace.  Tons. 

Basic  Bessemer  pig-iron,  .......     7.5 

Steel  scrap,      ..........     5.5 

Limestone,        .         .         .         .         .         .         .         .         •         .0.15 

Magnetic  iron-ore,  .........     0.20 

Lower  Furnace.  Tons. 

Basic  Bessemer  pig-iron,  .......      1 

Steel  scrap, 8 

Limestone,      .......         ...      0.8 

Iron-ore, none 

The  loAver  furnace  is  charged  about  two  hours  after  the 
upper  one.  The  metal  in  the  upper  furnace  contains  0.6  to  0.9 
per  cent,  of  phosphorus  when  tapped  into  the  lower  one,  while 
the  metal  contained  in  the  lower  furnace  is  already  highly  oxi- 
dized and  very  low  in  phosphorus.  After  uniting  the  two 
metals  it  takes  15  to  20  minutes  to  reduce  the  phosphorus  to 
0.020  per  cent. 

At  present  from  5  to  6  heats,  of  22  tons  of  metal  charged, 
are  made  at  Kladno  in  24  hours.  The  lower  furnace  is  empty 
more  than  half  of  the  time.  It  is  quite  evident,  therefore,  that 
with  two  primary  furnaces  at  least  10  heats  could  be  made  in 
the  24  hours.  The  present  capacity  is  from  110  to  132  tons 
(charged  weight)  in  24  hours ;  and  this  will  be  doubled  by  the 
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use  of    another  12-ton  primary  furnace,  which  is   now  being 
erected  and  will  soon  be  at  work. 


Comparative  Results  of  Practice. 

In  order  to  show  in  more  concrete  form  the  advantages  de- 
rived from  the  new  process,  the  tables  on  this  and  the  two  fol- 
lowing pages  are  taken  from  the  Kladno  reports  and  cost-sheets 
for  the  live  months  immediately  before  and  after  its  adoption. 

Old  Process. 
Consumption  in  kilos,  per  1000  kilos,  of  ingots. 


Sept. 

Oct. 

Nov. 

Dec. 

336.0 
111.0 
129.1 
174.0 
24.6 

Jan. 

Average. 

Mel  ting-coal 

371.1 

19.4 
131.1 
154.0 

31.0 

336.6 
44.0 
89.0 

152.0 
22.8 

378.9 

54.7 

121.7 

155.0 

27.0 

330.3 

52.7 

119.1 

133.2 

14.5 

350.60 

56.30 

118.00 

153.H4 

23.98 

Heating-coal 

Steam-coal 

Magnesite 

Cost  of  basic  refractories  in 
florins 

1.1 
0.5 

1.3 
0.9 

1.6 
2.0 

1.4 
1.1 

1.6 
3.8 

1.40 
1.66 

Cost   of    acid    refractories   in 
florins 

Output  of  ingots  per  heat  in 
metric  tons 

15.4 

37.8 

15.6 
37.5 

15.1 
36.9 

14.3 
36.1 

17.8 
42.9 

15.64 
38.24 

Output  of  ingots  per  24  hours 
in  metric  tons 

These  figures  give  a  clear  idea  as  to  what  was  accomplished 
during  the  first  five  months  in  which  the  process  was  at  work. 
It  will  be  seen  that  the  coal  consumed  in  melting  was  reduced 
4.63  per  cent.;  that  the  coal  consumed  in  heating  up  was  re- 
duced 55.80  per  cent. ;  and  that  the  amount  consumed  for 
steam  was  reduced  19.40  per  cent.  The  amount  of  limestone 
used  per  1000  kilos,  of  ingots,  fell  from  15.36  to  7.27  per  cent., 
which  is  a  reduction  of  52.67  per  cent.  The  amount  of  mag- 
nesite used,  fell  from  23.98  kilos,  per  metric  ton  (53.76  pounds 
per  ton)  of  ingots  to  11.20  kilos,  per  metric  ton  (25.09  pounds 
per  ton),  a  reduction  of  53.20  per  cent.  The  cost  of  basic  re- 
fractories was  reduced  57.10  per  cent,  of  acid  refractories  47.0 
per  cent.,  and  the  total  cost  of  conversion  27.50  per  cent.  The 
output  increased  72.3  per  cent.  ;  but,  of  course,  some  of  this 
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Bertrand-  Thiel  Process. 

Consumption  in  kilos,  per  1000  kilos,  of  ingots. 


Feb. 

Mar. 

April. 

May. 

Decrease. 

Kilos. 

Per  ct. 

4.63 
55.80 
19.40 
52.68 
53.20 

Melting  coal 

309.9 

429.6 

27.7 

109.5 

94.6 

11.0 

329.4 

22.2 

94.5 

48.9 

8.2 

328.9 
26.4 
95.9 
55.8 
12.2 

1              1 
274  0    -^-^J  -^fi    1  fi  '^^ 

Heating-coal 

24.2 

89.4 

124.2 

18.7 

23.7 

86.0 

40.0 

5.9 

24.84    31.46 
95  06    '>'>  "J^ 

Steam-coal 

Limestone 

72.70 
11.20 

80.94 
12.78 

Magn  esi  te 

Cost  of  basic  refrac- 
tories in  florins 

Cost  of  acid  refrac- 
tories in  florins 

0.9 
0.9 

0.5 
0.9 

0.5 
0.5 

0.6 
1.1 

0.5 
1.0 

0.60 
0.88 

0.80 

0.78 

57.10 

47.00 

Output  per  heat  in 
metric  tons 

18.5 
45.5 

18.8 
47.7 

19.7 
84.5 

19.0 
76.1 

18.7 
75.9 

18.92 
65.94 

1 
Increase. 

3.28 
27.70 

7.37 

21.10 
72.30 

19.26 

Output  per  24  hours 
in  metric  tons 

Allowing  20.33  tons 
increase    for    the 
small  furnace 

Old  Process. 

Consumption  in  pounds— Per  2240  pounds  of  ingots. 


Sept. 

Oct. 

Nov.         Dec. 

Jan. 

Average. 

Melting-coal 

831.26 

43.46 

293.66 

331.96 

69.44 

753.93 

98.56 

199.36 

340. -18 

51.07 

848.74  1  752.64 
122.53    '>-4S  R-l 

739.87 
118.05 
266.78 
298.37 
32.48 

785.3 
126.2 
264.3 
344.1 
53.7 

Heating-coal 

Steam-coal 

272.61 

347.20 

60.48 

289.18 

3S9.76 

55.10 

Limestone 

Magnesite 

Cost  of  basic  refractories  in 
dollars 

Cost  of  acid   refractories   in 
dollars 

0.469 
0.213 

0.554 
0.384 

0.682 
0.853 

0.597 
0.469 

0.682 
1.621 

0.597 
0.708 

Output  of  ingots  per  heat  in 
tons 

15.15 
37.20 

15.35 
36.91 

14.86 
36.32 

14.07 
35.53 

17.52 
42.22 

15.39 
37.64 

Output  of  ingots  in  21  hours 
in  tons 
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Consumption  in  pounds— Per  2240  pounds  of  ingots. 
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Feb. 

March. 

April. 

May. 

June. 

Aver- 
age. 

Decrease. 

Pounds 

Per  ct. 

Melting-coal 

Heating-coal 

694.18  962.30 

54.21  i    62.05 

200.26  245.28 

737.86  736.74  613.761748.97 

49.73    59.14    63.091   55.64 

211.68  214.82  192.64  212.93 

36.33 
70.56 
51.37 
181.25 
28.61 

4.63 

55.80 
19.40 
52.68 
53.20 

Limestone 

Magnesite 

278.21  211.90 
41.89    24.64 

109.54  124.99    89.60  162.85 
18.37    27.33    13.22    25.09 

Cost  of  basic  refrac- 
tories in  dollars 

Cost    of    acid    refrac- 
tories in  dollars 

0.384 
0.384 

0.213 
0.384 

0.213 
0.213 

0.256 
0.469 

0.213 
0.426 

0.256 
0.375 

0.341 
0.333 

57.10 
47.00 

Output  of  ingots  per 
heat  in  tons 

18.21 
44.78 

18.50 
46.95 

19.39 
83.16 

18,70 
74.90 

18.40 
74.70 

18.64 
64.89 

Increase. 

3.25 

27.25 

7.25 

21.10 
72.30 

19.26 

Output  of  ingots  per 
24  hours  in  tons 

AHowing  20  tons  in- 
crease for  the  small 

was  due  clireetly  to  the  use  of  a  second  furnace.  A  fair  allow- 
ance for  tlie  product  of  this  furnace  would  be  20  tons  (20.33 
metric  tons)  per  24  hours.  If  this  be  allowed  for,  the  increase 
in  product  was  19.26  per  cent.  The  increase  under  present 
practice  is  much  greater,  being  about  50  per  cent. 

A  plant  of  two  10-ton  furnaces  and  one  20-ton  furnace  would 
have  a  capacity  of  at  least  10  heats  in  24  hours,  as  shown 
above.  This  would  give  from  200  to  240  tons  of  ingots.  A 
very  good  ^jroduct  from  these  furnaces,  run  separately,  would 
be  5  heats  in  forty-eight  (48)  hours  from  each,  or  2i  per  day. 
This  would  give  25  tons  from  each  of  the  small  furnaces  and  50 
tons  from  the  large  one,  or  a  total  of  100  tons  of  ingots.  It 
seems  reasonable  to  suppose,  therefore,  that  the  capacity  of  such 
a  plant  would  be  more  than  doubled,  if  run  under  the  Bertrand- 
Thiel  process. 

Besides  these  advantages,  which  are  shown  by  actual  figures, 
it  is  claimed  that  the  amounts  of  deoxidizers  and  recarburizers 
used  are  also  reduced,  and  that  the  loss  is  smaller.     The  work 
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of  the  ten  months  contained  in  the  table  does  not  show  any  ma- 
terial difference  between  the  two  processes,  so  far  as  average 
loss  is  concerned ;  the  difference  in  favor  of  the  Bertrand-Thiel 
process  being  only  about  0.10  per  cent.  It  is  reasonable  to 
suppose,  however,  that  with  more  experience  this  feature  may 
be  improved.  The  secondary  furnace  contains  only  a  small 
amount  of  slag,  which  is  comparatively  free  from  oxide  of  iron 
at  the  end  of  the  operation.  There  should  be,  therefore,  less 
loss  of  metal  as  oxide ;  and  a  smaller  amount  of  oxide  in  the 
bath,  both  of  metal  and  slag,  should  require  a* smaller  amount 
of  deoxidizer  to  free  the  steel  from  red-shortness.  This  point, 
however,  is  somewhat  difficult  to  determine,  since  so  many 
specifications  require  more  manganese  in  the  steel  than  that 
which  is  necessary  to  make  it  roll  well. 

The  control  of  the  quality  of  the  finished  product  is  very  com- 
plete. Steel  is  made  to  specifications  within  a  range  of  from 
0.06  to  1.25  per  cent,  of  carbon.  The  phosphorus  can  be  run 
down  below  0.02  per  cent,  with  ease;  the  sulphur  is  kept  below 
0.03  per  cent.,  and  the  manganese  can  be  regulated  very  closely. 
As  an  instance,  it  may  be  stated  that  a  large  amount  of  steel 
has  been  made  containing  0.80  to  0.90  carbon.  This  steel  was 
used  for  bayonets  for  the  Italian  army  and  the  results  were 
very  satisfactory. 

The  work  of  the  past  year  has  shown  that  from  65  to  75  per 
cent,  of  the  sulphur  is  removed  by  this  process. 


A  Modern  Silver-Lead  Smelting-Plant. 

BY  L.   S.    AUSTIN,    DENVER,    COLO. 

(Colorado  Meeting,  September,  1896.) 

Our  successful  plants  in  the  "West  were  at  first  erected  on  a 
small  scale,  and  as  their  business  has  been  built  up,  have  been 
added  to  gradually  as  their  limitations  permitted.  They  have 
had  to  adapt  themselves  later  to  their  circumstances,  making 
the  best  of  drawbacks,  and  putting  up  with  much  which,  had 
it  been  originally  allowed  for,  would  ;iot  now  impede  them. 
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For  such  a  plant  as  is  now  proposed,  it  is  assumed  that  a  site 
will  be  chosen  possessing  natural  advantages  which  may  he 
utilized  to  their  full  extent,  and  which,  at. the  same  time,  may 
allow  for  future  extension. 

The  arrangement  of  a  plant  on  a  terraced  site  has  been 
generally  considered  the  most  advantageous ;  but  many  advo- 
cate a  level  site,  claiming  that  it  permits  expansion  and  is  con- 
venient in  many  respects.  Even  in  the  case  of  a  plant  treating, 
say,  500  tons  of  material  per  day,  and  saving  by  terrace-arrange- 
ment 40  feet  of  fall,  the  total  theoretical  saving  is  barely  one 
horse-power.  "We  have  on  the  one  side,  then,  the  level  site, 
involving  the  cost  of  installing  and  operating  elevators,  with 
their  attendant  liability  to  accident,*  but  possessing  the  advan- 
tages of  good  ventilation,  accessibility  and  compactness  of 
plant;  and,  on  the  other  hand,  the  side-hill  system,  with  fewer 
elevators  (they  cannot  be  done  away  with  altogether),  increased 
first  cost  of  excavation  and  retaining-walls,  less  accessibility, 
poor  ventilation,  and  greater  extension  of  plant. 

The  duplication  of  parts  in  a  smelting-plant  is,  of  course, 
very  important,  since  delays,  even  for  a  few  hours  at  a  time, 
may  soon  occasion  a  greater  loss  than  the  cost  of  duplicating 
the  machinery  which  has  caused  the  delay.  It  is  accordingly 
better,  for  example,  to  put  in  two  cheaper  and  less  economical 
engines,  to  insure  against  a  shut-down,  than  one  larger  engine, 
which  uses  proportionately  less  fuel,  but  which  must  be  occa- 
sionally stopped  for  adjustment  or  repairs. 

In  a  plant,  especially  if  erected  upon  the  terrace  system,  the 
machinery-cost  is  not  a  large  fraction  of  the  total.  It  would, 
therefore,  seem  wise  to  have  each  machine  the  best  of  its  kind, 
to  duplicate  it  freely,  and,  by  adopting  the  level  system  of 
building,  to  save  the  costs  of  extensive  excavation,  retaining- 
walls,  etc.,  which  constitute  so  much  of  the  first  cost  of  the 
plant,  and  which  may  occasion  subsequently  a  heavy  bill  for 
repairs. 

In  operating  a  smelting-works  the  losses  may  be  classed  as 
follows : 


*  It  is  believed  that  elevators  may  be  so  thoroughly  constructed  as  to  have  little 
liability  to  derangement.  In  any  case,  it  would  be  well  to  duplicate  this  machinery, 
so  that  the  half  of  it  may  be  thrown  out  of  action  at  any  time  for  adjustment, 
without  interfering  with  the  usual  operations. 
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1.  Losses  ill  the  slag. 

2.  Losses  ill  flue-dust  and  fume.* 

3.  Losses  in  roasting. 

4.  Losses  by  shut-downs. 

5.  Losses  in  fuel. 

6.  Losses  in  labor, 

7.  Losses  in  management. 

Slag. — The  losses  in  slag  caused  by  incorrect  feeding  or 
charging  are  referred  to  below.  That  arising  from  improper 
separation  of  matte  from  slag  is  referred  to  in  my  remarks  about 
separators. 

Flue-Dust  and  Fume. — The  loss  in  flue-dust  and  fume  depends 
upon : 

1.  The  nature  of  the  ores. 

2.  The  height  of  the  smelting-column. 

3.  The  form  of  the  furnace. 

4.  The  method  of  feeding-. 

5.  The  blast-pressure. 

At  present  the  tendency  in  the  custom  sampling-mills,  and 
also  at  the  smelting-works  themselves,  is  to  crush  the  entire  lot 
of  ore  fine.  Moreover,  there  are  large  amounts  of  fine  roasted 
ores  smelted,  all  of  which  add  to  the  amount  of  flue-dust.  It 
has  been  attempted  to  brick  the  finer  portion  of  the  charge,  as 
well  as  the  flue-dust  itself,  and  this  has  been  attended  with  a 
considerable  degree  of  success.  The  endeavor  is  to  make  less 
flue-dust  to  begin  with,  since  it  has  to  be  re-treated  with  con- 
siderable expense  and  loss. 

That  the  height  of  the  furnace  influences  the  amount  of  flue- 
dust  can  be  observed  by  the  performance  of  the  same  furnace 
when  carried  low  or  when  filled  up.     The  high  furnace  work- 

*  In  considering  the  losses  of  the  materials  of  the  charge  which  are  borne 
away  from  the  furnace  by  the  blast  or  draft,  it  is  well  to  distinguish  between  the 
flue-dust  proper  and  the  fume.  The  flue-dust  may  be  defined  as  small  particles 
of  the  charge  borne  along  in  the  air-currents  produced  by  tlie  blast,  and  which 
settle  out  by  gravity  in  flues,  where  tlie  advance  movement  of  the  air  is  sufficiently 
slow  to  permit  this  deposition.  This  materi:il  resembles  that  of  the  charge,  espe- 
cially in  it-!  assay-value.  The  fume,  on  the  contrary,  arises  from  the  metals, 
principally  lead  and  zinc,  which  are  volatilized  at  the  temperature  of  reduction, 
and,  passing  from  tlie  furnace,  become  condensed  as  the  result  of  contact  with  the 
cooler  surfaces  of  the  flues.  It  may  thus  be  regarded  as  a  cloud  of  smoke,  float- 
ing along  indefinitely,  unless  it  comes  in  contact  with  the  surface  of  the  flue,  or 
of  the  bags  of  the  bag  house. 
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ing  upon  oxidized  ores  can  bu  o})enited  almost  without  visible 
smoke,  even  when  putting  through  its  normal  tonnage. 

The  form  of  the  furnace,  as  respects  the  bosh,  has  an  impor- 
tant influence,  especially  where  the  furnace  is  a  high  one,  as 
the  upward  velocity  of  the  air-currents  is  lessened  in  the  ratio 
of  the  increased  area  of  the  furnace  at  the  surface  of  the  charge. 

That  the  method  of  feeding  can  control  the  amount  of  flue- 
dust,  becomes  evident  when  we  consider  that  by  a  judicious 
placing  of  the  materials  of  the  charge,  we  can  check  the  veloc- 
ity of  the  escaping  gases  when  they  become  concentrated  in 
spots,  so  that  the  blast  may  be  dift'used  more  evenly  over  the 
entire  surface.  This  becomes  the  more  important  as  accretions 
form  upon  the  interior  of  the  furnace. 

There  is  a  certain  pressure  of  blast  suited  to  a  given  furnace 
newly  put  in  operation ;  and  as  accretions  form,  the  suitable 
pressure  changes.  Pressures  in  excess  of  it  largely  increase  the 
amount  of  the  flue-dust  without  corresponding  increase  in  the 
tonnage  of  the  furnace  or  the  cleanness  of  the  slag. 

The  nature  and  extent  of  the  dust-collecting  arrangements 
wdll  depend  upon  the  size  of  the  plant,  the  nature  of  the  ore, 
and  upon  other  considerations  just  named,  also  upon  the 
amount  of  roasting  to  be  performed.  It  is  to  be  observed  that, 
owing  to  the  corrosive  nature  of  the  fumes  arising  from  the 
roasting-furnaces,  they  cannot  be  caught  in  bags ;  and  hence,  to 
save  these  fumes,  even  in  part,  a  system  of  flues  would  be 
needed.  The  amount  of  saving  may  in  some  cases  hardly  be 
suflicient  to  justify  the  increased  expense,  especially  if  it  is  in 
contemplation  to  put  in  the  perfected  system  of  bag-house  and 
blowers.  By  the  use  of  the  bag-house,  it  is  possible  to  dispense 
with  extended  flues  and  high  stacks,  and  thus  do  away  with 
one  reason  for  the  terrace-system  of  building. 

Roasting. — Among  the  most  serious  losses  in  a  smelting- 
plant  are  those  from  the  roasters.  According  to  the  records  of 
a  single  plant,  extending  over  a  period  of  five  years,  this  loss 
has  amounted  to  $40,000  per  year.  The  temperature  of  the 
escaping  gases  of  these  furnaces  was  upward  of  1000°  Fahr., 
while  at  the  stack  the  temperature  was  still  600°,  At  this 
high  temperature,  lead,  silver  and  gold  pass  away ;  whereas, 
were  these  gases  cooled  down  during  their  passage  to  the  stack, 
we  might  hope  to  effect  a  notable  saving.     Reference  will  be 
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made  to  the  utilization  of  this  waste  heat  in  connection  with 
the  discussion  of  the  use  of  the  hot  blast. 

Shut-Downs. — The  losses  arising  from  shut-downs  have  already 
been  referred  to.  They  are  equal  to  the  total  expense  of  opera- 
tion, less  the  fuel  not  used  during  the  stoppage.  All  the  profit 
of  running  is  lost  besides.  Moreover,  such  delays  are  detri- 
mental alike  to  the  slag  and  to  the  furnaces;  and  the  latter,  when 
again  started,  do  not  work  well  until  "  warmed  up." 

It  may  be  observed  that  any  decided  diminution  of  the  blast, 
even  for  a  short  time,  is  a  drawback,  lessening  the  tonnage  of 
the  furnace  and  affecting  the  cleanness  of  the  slag. 

Fuel. — The  losses  in  fuel  resultino;  from  incorrect  chars-ino; 
may  be  considerable.  Any  way  of  lessening  the  amount  of  fuel 
to  be  used  at  the  blast-furnace  means  not  only  the  actual  value 
of  coke  saved,  but  also  the  increased  tonnage  of  the  furnace, 
owing  to  the  increase  of  productive  charge  in  the  same  space. 
Excessive  fuel  brings  in  its  train  the  disadvantages  of  over-fire 
and  increased  volatilization,  both  of  lead  and  zinc,  with  the  con- 
sequent more  rapid  formation  of  accretions,  which  eventually 
terminate  the  campaign. 

Labor. — In  building  a  plant,  the  endeavor  should  be  to  re- 
duce the  item  of  labor  as  much  as  possible ;  but  it  should  not 
be  forgotten  that  this  must  not  be  done  at  the  expense  of  effi- 
ciency in  running.  Especially  at  night,  the  importance  of  having 
sufiicient  labor  to  handle  the  furnaces  and  to  make  repairs 
speedily  often  outweighs  other  considerations. 

Management. — Losses  in  business  management  may  arise  not 
only  from  paying  too  much  for  ores,  but  also  from  buying  ores 
containing  elements  injurious  to  the  smelting-operation.  They 
may  also  arise  from  shortages  in  supply,  through  failure  to  pro- 
vide supplies  sufficiently  in  advance,  or  in  right  proportion. 

Concentration  of  Power. — The  concentration  of  the  power- 
generating  plant  under  one  roof  and  under  charge  of  a  compe- 
tent engineer  is  a  matter  of  much  importance.  In  such  a  case 
the  suction-fans,  or  blowers,  for  the  bag-house  could  be  so 
located  and  operated  as  to  save  the  expense  of  an  extra  engi- 
neer, and  perhaps  of  boilers.  That  the  sampling-mill  and  ele- 
vators, as  well  as  the  pumps  and  blowers,  may  be  thus  centrally 
operated  by  wire-rope  transmission  or  by  electric  motors,  is  un- 
doubted. 
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BcUrcry  of  31afcrials. — Delivery  of  materials  to  the  plant,  in- 
cluding ore,  fluxes,  coal  or  coke,  may  be  made  by  tramway 
(wire-rope  or  rail),  by  wagons,  by  railroad,  or  by  two  or  more 
of  these  methods  combined.  Ore  coming  in  quantity  from  a 
mine  by  tramway  is  conveniently  dumped  in  a  receiving-bin 
with  an  inclined  bottom.  Or  this  bin  may  be  made  in  two 
parts,  to  allow  of  change  from  one  lot  to  another  while  one  bin 
is  being  emptied.  If  now  it  is  shoveled  to  the  crusher,  an  ali- 
quot part  can  be  reserved  for  a  sample ;  otherwise  the  whole 
may  be  drawn  ofli"  to  the  automatic  sampler. 

When  the  ore  arrives  in  wagons,  and  especially  when  in 
small  and  numerous  lots,  the  problem  of  handling  is  not  so 
easy.  Commonly  the  ore  has  been  dumped  from  the  wagons 
upon  the  ground  or  upon  an  extended  floor,  thence  to  be 
handled  with  barrows  to  the  sampling-mill  and  storage-bins. 
This  involves  considerable  work  in  moving  the  ore.  It  is  un- 
doubtedly the  easiest  way  for  the  wagons  to  dump  the  ore  be- 
neath them.  There  is,  however,  considerable  floor-space 
needed,  especially  where  the  ore  is  brought  in  wagon-trains. 
A  more  compact  way  is  to  provide  bins,  alongside  of  which 
the  wagons  unload.  Even  then,  however,  the  ore  must  be  re- 
handled  to  the  sampling-mill. 

Where  the  materials  come  in  and  the  base-bullion  is  shipped 
away  by  rail,  the  trackage  required  will  depend  upon  the  size 
of  the  plant.  It  has  generally  been  considered  advantageous 
to  have  a  track  set  at  the  level  of  the  slag-dump  for  loading 
base-bullion ;  but  as  this  constitutes  less  than  one-tenth  of  the 
weight  of  the  materials  smelted,  it  is  a  question  whether  it 
would  not  be  well  to  elevate  the  track  to  the  receiving-level, 
where  empties  are  always  available,  and  where  the  tracks  which 
transfer  materials  may  be  run  direct  upon  the  floor  of  the  car, 
making  use  of  a  piece  of  portable  curved  track.  This  method 
has  proved  very  efiicient  in  practice. 

Where,  as  is  the  case  with  a  modern  plant,  all  the  ore  is  sam- 
pled as  it  comes  in,  this  unloading  would  naturally  be  done  at 
a  common  point,  so  that  the  ore,  as  unloaded,  could  be  auto- 
matically sampled  and  conveniently  stored.  The  loaded  cars 
beyond  this  common  point  require  plenty  of  trackage,  which 
may  be  doubled  or  trebled,  with  switches  to  throw  all  cars  upon 
the  unloading-tracks  before  they  reach  the  sampling-mill.    The 
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empties  are  treated  in  the  same  way.  The  outer  one  of  the 
tracks  may  be  reserved  for  handling  ears  in  or  out.  The  track- 
scale  is  naturally  set  at  the  entrance  of  the  yard,  and  should  be 
so  placed  that  only  cars  to  be  weighed  pass  over  it,  and  not,  as 
is  so  often  the  case,  located  upon  the  main  thoroughfare.  These 
tracks,  being  arranged  with  a  continuous  grade  past  the  sam- 
pling-mill, permit  the  unloading  and  dropping  past  of  each  car 
without  the  use  of  switch-engine  or  other  power. 

The  handling  of  fuel  and  fluxes  takes  a  somewhat  different 
course.  Much  of  the  coke  and  limestone  may  be  unloaded 
direct  from  the  cars  to  the  furnace.  The  coke  amounts  to  from 
one-fifth  to  one-eighth  of  the  total  materials,  and  is  commonly 
stored  at  a  greater  distance  from  the  blast-furnace  because  of 
its  smaller  relative  amount,  and  as  a  precaution  against  fire. 
It  has  generally  been  stored  upon  the  ground,  but  it  is  better 
to  pile  it  upon  a  floor,  preferably  of  brick,  set  as  rowlocks,  and 
not  of  wood.  If  care  is  not  exercised,  the  coarser  part  of  the 
coke  may  be  used  at  one  time,  and  the  finer  at  another,  produc- 
ing corresponding  irregularities  in  the  furnace.  Where  the  de- 
murrage-regulations, requiring  the  prompt  unloading  of  cars, 
are  rigidly  enforced,  unloading-pockets  may  be  put  in  to  ad- 
vantage. The  limestone  and  iron-ore  could  certainly  be  thus 
stored,  and  thus  much  labor  could  be  saved,  especially  when,  as 
often  occurs,  these  materials  constitute  one-fourth  or  more  of 
the  charge.  The  method,  now  quite  common,  of  storing  coal 
convenient  to  boilers  and  roasters  is  certainly  practical  and  eco- 
nomical of  labor,  and  especially  when  we  consider  that  it  comes 
in  as  needed,  and  the  small  amount  to  be  carried  in  store  cuts 
but  little  figure  in  the  total  expense  of  handling.  The  handling 
of  coal  has  been  treated  so  thoroughly  in  the  Eastern  States 
that  we  have  only  to  look  there  for  our  best  examples  of  prac- 
tice. 

Samplwg  and  Handling. — We  come  now  to  the  question  of 
the  sampling  and  handling  of  the  ores. 

After  sampling,  some  of  the  ores,  awaiting  settlement,  must 
be  reserved — each  lot  separately.  Then,  when  released  for 
use,  they  are  distributed  and  layered  or  bedded  at  the  appro- 
priate bins. 

Where  the  sampling  is  duplicated,  the  mill  becomes  more 
complex.     All  ores  arc  properly  passed  over  a  grizzly  to  the 
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main  crusher,  a  precaution  which  has  its  advantage  in  wet  or 
freezing  weather,  or  when  the  ore  is  of  such  a  nature  as  to  be 
likely  to  clog  the  machinery.  In  some  cases  it  is  more  eco- 
nomical to  keep  it  away  from  the  machinery  altogether.  The 
elevating  of  this  crushed  material  to  command  the  automatic 
sampler'\:lepends  for  its  success  upon  a  strong  and  thoroughly 
constructed  endless  elevator,  to  which  plenty  of  height  should 

be  ii'iven. 

The  requirements  for  reliable  automatic  samphng  are  as  iol- 

lows :  1111 

1.  The  aliquot  portion  to  be  reserved  for  the  sample  should 

be  taken  from  the  entire  stream  of  ore. 

2.  This  portion  should  be  taken  out  as  frequently  as  pos- 
sible. 

3.  It  should  be  taken  evenly  from  all  parts  of  the  stream. 

4.  The  stream  should  be  a  regular  one,  or  at  least  should 
fluctuate  in  a  regular  or  gradual  manner. 

5.  The  aliquot  portions  taken  out  should  be  thoroughly 
mixed  together  before  farther  subdivision  or  cutting  down. 

6.  The  re-crushing  of  the  ore  should  proceed  as  its  quantity 
is  reduced,  so  that\he  ratio  of  the  largest  rich  piece  to  the 
weight  of  the  whole  shall  not  exceed  a  specified  limit. 

7?  The  machinery  should  be  as  simple  and  accessible  as  pos- 
sible, that  it  may  be  easier  to  clean  up,  and  that  there  may  be 
consequently  less  danger  of  "  salting  "  succeeding  samples. 

Commonly  the  sulphide-ores  are  crushed  at  once  to  their 
final  size  preliminary  to  roasting,  since  they  require  no  farther 
treatment,  and  are  more  accurately  sampled  when  so  fine.  As 
a  general  rule,  all  the  ore  of  the  sampling-mill  should  be  drawn 
from  shoots,  on  the  principle  that  from  the  time  it  is  dumped 
over  the  grizzly  it  is  not  to  be  shoveled  up  until  it  reaches  the 
furnace.  From  the  sampling-shoot  it  is  to  be  transferred  to  the 
storage-shoot,  thence  to  go  to  the  roasters  or  to  the  main  ore- 
bins,  as  required. 

For  the  horizontal  transfer  of  materials,  the  writer  favors  the 
use  of  a  tram-car  of  good  size,  holding  at  least  2000  pounds, 
the  loaded  car  traveling  on  a  slight  down-grade,  the  wheels  (set 
close  together  to  facilitate  swinging  on  the  turn-plate)  having 
long  and  well-designed  bearings  and  broad  rims  to  the  flanges. 
With  a  rate  of  travel  of  200  feet  per  minute,  on  a  straight  track, 
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a  considerable  distance  can  be  speedily  covered,  and  curves 
and  turn-plates  should  be  avoided  as  much  as  possible.  Accord- 
ingly, the  storage-area  should  be  covered  with  long  and  narrow 
bins,  say  200  feet  by  15  feet  each,  with  a  central  track,  wdiich 
will  permit  a  side-dump  car  to  cover  the  entire  space  pretty 
well.  As  the  crushed  sulphide-ore  is  to  be  layered  or  bedded 
also,  it  is  a  question  whether  the  conformation  of  the  ground 
will  permit  it  to  be  so  stored  as  to  deliver  at  hoppers  on  top  of 
the  roasters.  One  man  is  often  selected  to  attend  to  charging  the 
roasters ;  and,  where  they  are  not  too  numerous,  has  time  enough 
to  shovel  up  all  the  ore  needed  and  to  charge  it  to  the  hoppers. 

Besides  the  material  already  enumerated,  there  remains  much 
which  has  to  be  returned  from  the  slag-floor,  viz.,  part  of  the 
slag,  the  matte,  the  barrings  and  perhaps  the  tlue-dust.  The 
inclined  elevator,  so  much  used  in  this  connection,  seems  out 
of  place,  since  it  neither  takes  the  slag  from  where  it  is  made, 
nor  delivers  it  to  the  place  where  it  is  to  be  used.  This  can 
evid.ently  be  done  with  the  vertical  elevator,  since  a  track  laid 
to  any  part  of  the  dump  can  connect  with  it,  and,  on  the  floor 
above,  the  load  goes  at  once  to  its  appropriate  furnace.  The 
same  elevator,  going  to  a  higher  level,  also  enables  a  higher 
track  to  convey  the  matte  at  once  to  the  crushing-machinery,  in 
preparation  for  roasting. 

All  materials  of  the  charge  may  be  brought  to  the  furnaces 
by  means  of  tram-cars  of  2000  pounds  capacity.  The  tracks  run 
into  the  bins  or  alongside  the  railroad-cars,  and  are  arranged 
to  ensure  convenient  loading  at  all  points.  Under  the  method 
of  using  large  charges,  but  little  re-handling  is  done  at  the 
weigh-scales. 

At  the  ore-bins,  perhaps  the  following  plan  might  be  used: 
The  bottom  of  the  bin  to  be  a  movable  one  arranged  something 
like  the  bed  of  a  gravel- wagon.  The  ore  drops  through  a 
movable  hopper  at  the  front  edge  of  the  movable  floor  into  the 
charge-car,  thus  avoiding  the  shoveling,  which  constitutes  so 
large  a  portion  of  the  work. 

Having  arrived  at  the  furnace  with  the  charge,  it  would 
seem  that  it  would  be  well  to  conform  to  recent  practice,  and  to 
charge  everything  into  the  furnace  without  re-handling.  But 
at  this  point  we  have  to  pause  and  consider.  It  will  be  recalled 
by  some  among  us  that  in  the  older  practice  of  ten  or  flfteeu 
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years  ago,  with  small  and  low  furnaces,  a  good  deal  was  thought 
of  the  skill  of  the  feeder  in  nursinu;  his  furnace,  feeding  for  a 
tuyere,  and  adding  the  various  correctives  considered  at  that 
time  necessary  for  the  welfare  of  the  furnace.  Can  this,  with 
our  present  large. and  high  furnaces,  be  a  thing  of  the  past  ?  It 
is  not  so  considered  by  some  of  our  metallurgists,  who  have  not 
changed  their  ideas  in  this  respect.  While  a  furnace  is  in  good 
condition,  with  no  wall-accretions  and  no  consequent  over-fire, 
with  a  low  fuel-charge  to  help  out  matters,  the  need  of  such 
feeding  is  less  apparent.  In  the  writer's  opinion,  however,  it 
must  be  admitted  that  careful  and  proper  distribution  of  the 
fuel  and  materials  of  the  charge  means  better,  smoother  and 
more  continuous  running  of  the  furnace,  and  a  slower  develop- 
ment of  the  evils  we  wish  to  guard  against.  Evidently,  if  the 
materials  are  properly  proportioned  and  properly  fed  to  the  fur- 
nace, we  may  hope  that  the  work  below  can  be  made  to  con- 
form, with  expectation  of  favorable  results.  Incorrect  feeding 
and  charges,  on  the  other  hand,  cannot  fail  to  show  their  bad 
results  as  soon  as  they  come  down. 

Height  of  Funiace. — As  regards  the  modern  lead  blast-fur- 
nace, the  tendency  is  continually  to  increase  its  height,  with  the 
idea  of  improving  reduction;  and  this  (with  the  precautions 
mentioned  above)  is  measurably  true.  The  high  shaft  is  cer- 
tainly harder  to  reach,  to  clean  otf,  to  run  down  and  to  start 
up ;  but  with  long  campaigns  such  considerations  cut  but  little 
figure.  It  is  rather  with  oxidized  zinky  ores,  where  high  fuel 
seems  indicated,  that  accretions  rapidly  form,  and  stops  are 
accordingly  frequent. 

Water-jackets. — The  water-jackets  of  our  furnaces  still  leave 
much  to  be  wished  for.  If  of  cast-iron,  they  are  liable  to  crack 
at  any  time ;  and  even  when  of  the  more  expensive  steel  or 
wrought-iron,  they  may  burn  out  at  some  corner,  and  thus  stop 
the  operations  of  the  furnace  until  replaced  or  repaired. 

The  old  brick  bosh,  now  entirely  supplanted  by  the  water- 
jacket  in  lead-smelting,  was  effective  in  retaining  the  heat,  and 
worked  smoothly  when  not  burning  out.  The  writer  has  often 
thought  that,  with  boshes  made  up  as  in  the  recent  iron  blast- 
furnaces, the  water-jackets,  with  their  larger  absorption  of  heat 
and  their  annoyances  of  cracking,  could  be  avoided.  This  ap- 
pears  not  impossible,   now  that  the  type  of  slag  to  be  used 
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within  them,  being  more  siliceous  than  formerly,  is  less  corro- 
sive in  its  action  on  brick. 

Air-Leaks. — The  air-leaks  about  the  furnace,  at  the  various 
openings  and  joints,  and  especially  at  the  tuyere-sacks,  leave 
much  to  be  desired.  These  are  defects  of  mechanical  construc- 
tion, which  could  be  remedied  without  difficulty,  but,  perhaps, 
at  the  expense  of  facility  in  handling  when  it  is,  for  any  reason, 
necessary  to  stop  the  furnace.  Such  stops,  however,  are  be- 
coming less  frequent  with  improved  machinery,  and  especially 
with  the  duplication  of  such  parts  of  the  plant  as  are  liable  to 
accident  or  need  repair.  With  spare  engines,  spare  boilers,  and 
spare  pumps,  stoppage  may  be  reduced  to  a  minimum,  and 
the  small  margin  sometimes  left  between  profit  and  loss  may 
be  saved. 

Blowers. — As  regards  blowers,  the  almost  universal  prac- 
tice has  been  to  use  the  rotary  blower.  They  have,  certainly, 
done  very  good  service ;  and  the  modern  rotary  blower  has 
been  so  carefully  made  as  greatly  to  reduce  its  "  slip,"  though 
the  extended  surfaces  of  contact  are  still  there,  and  leakag-e  of 
the  air  backwards  is  inevitable,  and  especially  considerable  at 
the  pressures  now  prevailing.  The  writer  has  long  held  the 
view  that  the  cylinder  blowing-engine  is  the  proper  one  for  the 
lead  blast-furnace,  since  the  air-joints  of  piston  and  cylinder 
are  those  of  actual  contact,  and  the  metallurgist  may  count  on 
his  cubic  feet  of  air,  whatever  his  pressure.  This  has  not, 
heretofore,  been  so  evident  in  such  work;  but,  with  tighter 
joints,  and  by  comparison  with  the  analysis  of  furnace-gases 
and  the  amount  of  fuel  used,  discrepancies  show  themselves 
otherwise  not  to  be  accounted  for.  A  whole  set  of  purported 
data  respecting  the  air  used  and  performance  of  the  blast,  thus 
becomes  useless ;  for  example,  deductions  as  to  the  increase  or 
decrease  of  the  tuyere-orifice,  its  pointing  in  a  given  direction, 
the  amount  of  air  entering  the  furnace,  etc. 

The  Hot  Blast  in  Lead-Smelting. — Since  the  gases  at  the  throat 
of  a  normally-working  lead  blast-furnace  contain  about  4  to  6 
per  cent,  of  CO  mingled  with  some  14  to  18  per  cent,  of  COg 
and  75  per  cent,  of  nitrogen,  and  since  these  gases  are  farther 
diluted  with  air  which  ^nters  at  the  charge-door,  any  endeavor 
to  use  them  in  combustion  is  out  of  the  question.  There  re- 
mains, then,  the  alternative  of  heating  the  air-blast  externally : 
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1.  By  the  slag. 

2.  By  externally  heated  blast-stoves. 

3.  By  regenerative  stoves,  heated  with  oil  or  producer-gas. 

4.  By  oil-residiuim :  either  (A)  in  a  receiver  or  stove,  in 
which  combustion  of  the  oil,  gas  and  air  is  eti'ected ;  or  (B)  by 
oil-jets  at  each  tuyere. 

Mr.  Herbert  Lang  has  attempted  the  heating  of  the  blast  by 
means  of  hot  slag,  and  claims  to  have  obtained  by  this  means  a 
temperature  of  500°  Fahr.,  which,  however,  is  much  below  the 
temperature  considered  necessary  in  iron-practice.  Whether  an 
apparatus  arranged  like  the  slag-heated  boilers  at  Broken  Hill, 
Australia,  would  prove  eft'ective  in  air-heating,  is  a  question  to 
be  solved  when  it  is  conceded  that  the  hot-blast  will  prove  an 
advantage  in  the  treatment  of  lead- ores. 

The  pistol-pipe  and  other  hot-blast  stoves,  where  the  heat  is 
communicated  to  the  air  by  transmission  through  pipes,  are 
expensive ;  and,  because  of  the  thickness  of  the  pipes  neces- 
sary for  durability,  are  anything  but  efficient.  It  has  been 
suggested  by  Dr.  M.  W.  lies  that  the  flues  leading  away  from 
the  roasting-furnaces  aiford  an  important  source  of  heat, 
since  in  this  case  the  gases  issuing  from  the  furnace  may  have 
a  temperature  as  high  as  1000"  Fahr.,  while  at  the  stack  they 
still  retain  600°  Fahr.  Air-pipes  placed  within  the  flue  would 
absorb  a  portion  of  the  heat,  at  the  same  time  cooling  down 
the  issuing  gases,  which,  in  their  highly-heated  condition,  are 
carrying  away  value  from  the  roasting  ores.  Other  methods 
of  utilizing  this  waste  heat,  such  as  we  are  familiar  with  in 
connection  with  puddling-furnaces,  could  also  be  applied. 

The  hot-blast  stove  of  Nesmyth,  of  the  Colorado  Iron- Works, 
operated  a  year  ago  at  the  Omaha  and  Grant  Works,  at  Denver, 
has  given  promise  of  success,  with  such  improvement  in  pro- 
portions as  will  be  suggested  by  farther  experience.  It  consists 
of  a  cylindrical  brick-lined  receptacle,  in  which  oil  is  burned  in 
conjunction  with  one-fifth  of  the  air,  thus  heating  the  remaining 
four-fifths  needed  for  the  blast.  The  products  of  the  blast  which 
enter  the  furnace  are  then  a  large  proportion  of  air,  mingled  with 
some  nitrogen  and  with  CO^,  in  case  of  the  complete  conilnistion 
of  the  oil.  Its  eft'ect  then  would  be  to  diminish  the  intensity  of 
combustion,  but  with  an  increased  production  of  CO,  as  the  result 
of  the  reaction  between  the  COg  and  the  incandescent  coke.  That 
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this  would  be  objectionable  in  lead-smelting,  one  cannot  say. 
Experience  might  prove  it  to  be  a  great  advantage.  Immedi- 
ately at  the  tuyeres,  its  efi'ect  ought  to  be  to  prevent  the  trouble- 
some crust  which  so  often  forms  upon  the  surface  of  the  lead, 
and  which  is  so  detrimental  to  the  working  of  the  furnace.  We 
would  watch  with  much  interest  experiments  in  this  line. 

Dr.  W.  L.  Austin  advocates,  in  his  own  specialty  of  pyritic 
smelting,  the  burning  of  a  jet  of  oil  at  each  tuyere.  The  pro- 
ducts are  much  the  same  as  in  the  lN"esmyth  apparatus.  The 
application  is  certainly  very  direct,  simple  and  inexpensive ;  and, 
provided  combustion  can  be  completed  before  entering  the 
furnace,  it  should  give  results  as  good  as  those  of  iSTesmyth. 

The  Separation  of  llatte  from  Slag. — This  is  a  matter  which 
we  could  wish  were  more  thoroughly  settled  among  metallur- 
gists. Two  methods,  the  separating-reverberatory  and  the 
large  transfer-pots,  are  rather  suited  to  a  plant  of  several  fur- 
naces than  to  a  single  furnace,  where  the  Mathewson  slag-tap, 
the  fore-hearth,  or  the  settling-pot  are  still  in  use.  In  favor  of 
the  reverberatory,  it  is  strongly  urged  that  the  time  during 
which  the  slag  remains  entirely  liquid  permits  the  thorough 
separation  from  it  of  all  globules  of  matte  and  lead.  By  any 
other  method,  the  separation  has  to  be  completed  during  the 
short  time  the  slag  remains  liquid,  and  this,  too,  with  the  forma- 
tion of  a  considerable  share  of  foul  slag,  which  has  to  be  re- 
turned to  the  furnace  for  re-melting.  The  latter  is  not  neces- 
sarily considered  a  drawback,  as  metallurgists  favor  the 
re-smelting  of  considerable  quantities  of  slag,  often  to  the  ex- 
tent of  40  per  cent,  of  the  charge,  in  our  Western  practice. 
Whether  the  time  will  come  when  ores  will  be  smelted  with  a 
low  fuel  in  the  blast-furnace,  and  all  the  slag  thus  formed  re- 
treated in  a  reverberatory  of  the  type  of  the  Argo  copper-fur- 
nace, is  a  curious  speculation.  We  are  certainly  beginning  at 
something  which  looks  a  little  like  it. 

The  Slag-Dump. — The  slag  constitutes  70  per  cent,  of  the 
charge,  so  that  the  materials  put  into  the  furnace  (including 
coke)  are  to  the  slag  as  115  to  70.  Hence  these  materials 
should  be  handled  (as  they  are)  with  so  much  greater  ease  than 
the  worthless  material ;  and  this  consideration  takes  the  prece- 
dence. It  seems  strange,  however,  that  so  much  care  should 
be  taken  to  locate  conveniently  the  place  of  deposit  of  that 
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worthless  material  (the  clump),  "while  the  valuahle  material  (the 
ores)  is  transported  often  a  considerable  distance. 

A  modern  plant  ought  to  provide  for  a  cheap  and  easy  method 
of  slag-disposal  in  ])lace  of,  as  is  sometimes  the  case,  the  slow 
transfer  by  hand  to  the  edge  of  the  dump.  The  neatest  method 
of  effecting  this  is,  again,  with  the  assistance  of  the  elevator,  in 
this  case  large  enough  to  hoist  a  truck  carrying  4|  tons  of  slag, 
such  as  that  used  at  the  Omaha  and  Grant  Works,  at  Denver, 
and  now  made  by  the  Colorado  Iron  Works,  of  the  same  place. 
This  truck,  having  been  raised  to  the  higher  level,  can  be  made 
to  run  away  upon  a  descending  grade  until  it  reaches  a  bank 
or  edge  of  a  hill,  at  the  right  or  left  of  the  furnaces,  where, 
turning  a  curve,  it  would  come  back,  still  descending,  the  track 
thus  forming  the  edge  of  the  dump,  anywhere  along  which  the 
contents  of  the  pot  can  be  discharged.  The  man  in  charge  now 
drops  the  train  farther  back  to  the  point  of  tilling,  ready  for 
use  once  more.  Any  animal  power  is  thus  dispensed  with ;  the 
height  gained  by  the  elevator  being  sufficient  to  insure  all  for- 
ward movement.  Such  arrangements  preclude  all  anxieties  as 
to  dumping-room ;  while  a  small  space,  reserved  immediately 
at  the  front  of  the  furnace,  is  used  in  case  the  elevator  should 
need  repairs. 

Dr.  M.  W.  lies,  in  a  private  communication  on  this  subject, 
says : 

"Other  good  and  practical  methods  suggest  themselves.  For  example,  remov- 
ing the  slag  in  pots  arranged  trainwise,  as  practiced  at  the  Arkansas  Valley 
Smelter,  at  Leadville,  using  a  compressed-air  locomotive,  which  possesses  advan- 
tages over  the  steam-locomotive,  and  which  has  been  brought  to  a  high  degree  of 
perfection  by  H.  K.  Porter,  of  Pittsljurgh,  Pa.  Or  for  this  might  be  used  an 
electric  motor,  in  conjunction  with  a  trolley-system.  In  certain  favored  localities, 
where  the  slag  could  be  removed  by  granulating  in  water,  it  could  be  conveyed 
to  some  central  locality,  and  thence,  by  a  simple  and  inexpensive  bucket-hoist, 
placed  in  open  cars,  removed  from  the  works  and  used  for  railroad-ballast,  thus 
bringing  an  income  to  the  company.  Extreme  caution  should  be  used  to  thor- 
oughly separate  the  matte  from  the  slag  before  granulating." 

Yard-Floor. — To  cover  the  surface  in  front  of  the  furnaces 
with  cast-iron  plates  is  a  precaution  not  to  be  neglected,  even 
though  expensive.  The  ease  of  keeping  clean  and  of  moving 
pots  about  and  the  saving  of  valuable  scrap-lead  and  matte 
quickly  compensate  for  the  expense;  and,  moreover,  larger 
slag-pots  can  be  used. 
VOL.  XXVI. — 26 
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Boasters. — In  spite  of  the  cheaper  roasting  claimed  for  the 
automatic  roasting-furnaces,  the  long-bedded  roaster  still  holds 
its  own,  and  those  works  using  the  automatic  roasters  retain  and 
use  the  former,  notwithstanding  their  enterprise  in  adopting,  and 
skill  in  handling,  the  latter.  In  fact,  where  it  is  desired  not 
only  to  dry-roast,  but  also  to  slag  the  product,  it  is  hard  to  im- 
prove upon  a  furnace  where  a  continually  increasing  heat  is  so 
skilfully  supplemented  by  the  care  of  the  furnace-man.  With 
ores  particularly  suited  to  dry  roasting  the  case  is  different ;  and 
in  this  sphere  the  automatic  roaster  is  unexcelled.  A  large 
class  of  ores,  leady  and  containing  zinc,  lend  themselves,  how- 
ever, to  the  operations  of  the  long  roaster  as  to  no  other.  How 
future  improvements  in  roasting  will  modify  these  ideas  it  is 
difficult  to  say.  Certainly  the  cost  of  roasting  has  been  reduced 
to  a  very  low  figure ;  and  the  product  may  be  eventually  so 
bricked  or  agglomerated  as  to  remove  every  objection  to  such 
methods.     There  is  here  an  inviting  field  for  invention. 

Roofs. — In  these  drier  regions  of  the  West,  with  infrequent 
rains,  drainage  becomes  less  important;  still,  during  wet  weather 
the  disposal  of  water  becomes  sufiiciently  troublesome.  The 
ores,  when  bedded,  should  be  protected  by  suitable  roofs,  since 
sudden  snows  and  rains  so  change  the  nature  of  the  charge  as 
to  affect  appreciably  the  cleanness  of  the  slag.  On  the  main 
furnace  and  other  roofs,  the  bay  or  saw-tooth  system  of  roofing 
can  be  used  to  advantage,  and  water  can  be  led  to  the  valley 
of  the  roofs,  and  thence  by  proper  down-spouts  to  the  ground 
or  drain.  The  gutters  can  be  underlaid  with  steam-pipes,  to 
melt  the  accumulated  snow  or  ice  which  forms  in  such  places ; 
and  there  will  then  be  no  question  of  keeping  the  buildings 
well  drained,  and  free  from  danger  of  overflow. 


Electric  Mining  in  the  Rocky  Mountain  Region. 

BY   niVIN(J    HALE,    DENVER,    COLO. 
(Colorado  Meeting,  September,  1896.) 

The  superiority  of  electric  power  for  mining  purposes  was 
recognized  in  a  general  way  as  soon  as  the  electric  motor  be- 
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came  a  practical  success,  but  it  has  required  time  and  experi- 
ence to  amplify  and  fully  develop  its  advantages  and  to  over- 
come the  minor  difficulties  that  arose. 

Advantages  of  Electric  Power. 

These  may  be  considered  under  three  heads,  based  on  the 
nature  of  the  generating  power  : 
I.  Electricity  Generated  by  Water-Power. 

(a)  Saving  of  coal,  water  for  steam  (an  important  item  in 

many  places),  firemen,  handling  ashes,  boiler-repairs. 

(b)  Electric  motors,  as  now  made,  require  less  attendance 

and  repairs  than  steam  or  compressed-air  engines. 

(r)  Underground  wires  more  convenient  than  pipes. 

((/)  Avoidance  of  losses  by  steam-condensation  under- 
ground. 

(e)  Avoidance  of  bad  effects  of  steam  underground — heat- 
ing mine,  vitiating  air,  rotting  timbers. 
(/)  Electric  motors  more   efficient  than  the  small  steam 
and  compressed-air  engines  used  on  hoists,  pumps, 
diamond-drills,  etc. 

{(/)  Rotary  motion  of  electric  motor  superior  to  reciprocat- 
ing motion  of  engine  for  many  purposes,  especially 
blowers  and  diamond-drills. 

(A)  Electric  locomotives  peculiarly  adapted  to  underground 
haulage  where  steam  is  impracticable. 
II.  Electricity  Generated  by  Steam  at  Some  Distant  Point  Where 
Fuel  and  Water  are  Cheaper. 

(a)  Saving  of  difference  in  cost  of  fuel  and  water  between 
places  where  power  is  generated  and  used. 

(^^)'  (0'  W'  (^)'  (/)'  (/y)'  (^')'  same  as  under  I. 
(i)  Superior  economy  of  large  compound  and,  where  prac- 
ticable, condensing  engines,  over  the  small,  ineffi- 
cient engines  used  on  most  mining  machinery,  pro- 
per allowance  being  made  for  losses  in  transforming 
and  transmitting  electric  power. 
III.  Electricity  Generated  by  Steam  at  Place  Where  Power  is  Used. 
(rt)  Disappears. 

(6),  (e),  {d),  (e),  (/),  (ry),  (A),  (/),  same  as  under  I.  and  II. 
Most  of  the  plants  in  this  district  are  included  in  Class  I. 
Mr.  Edward  G.  Stoiber's  Silver  Lake  Mines  plant,  described 
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below,  will  be,  when  completed,  an  example  of  Class  IL,  or 
ratlier  a  combination  of  I.  and  II.,  as  a  steam-plant  of  the  highest 
possible  economy  will  be  used  to  reinforce  the  water-power. 

The  Metallic  Extraction  Co.'s  pumping  plant  at  Cyanide,  near 
Florence,  Colorado,  used  for  supplying  water  to  town  and  mill, 
is  between  Classes  II.  and  III.  Electricity  is  generated  by 
steam  in  the  mill  and  transmitted  3700  feet  to  the  pump  located 
at  wells  near  the  Arkansas  river,  avoiding,  on  the  one  hand, 
the  carrying  of  steam  that  distance,  and,  on  the  other,  the  keep- 
ing of  a  man  at  the  pumping-station. 

Class  in.  is  ilfustrated  by  the  plants  of  the  Pleasant  Yalley 
Coal  Co.  at  Castle  Gate  and  Scofield,  Utah  (hoisting  and  haul- 
ing); the  Union  Pacific  Coal  Co.,  Eock  Springs,  Wyoming 
(hauling);  and  the  Colorado  Fuel  and  Iron  Co.,  Rouse,  Colo- 
rado (pumping,  ventilating  and  miscellaneous  power),  replacing 
a  compressed-air  plant. 

Counter-Considerations. 

Against  the  advantages  enumerated  in  the  preceding  section 
must  be  charged  iiiterest,  insurance,  taxes  and  depreciation  on 
the  excess  of  cost  of  water-power  and  electric  plant  over  a 
steam-plant  for  doing  the  same  work;  also  the  greater  cost  of 
attendance,  if  any,  due  to  the  location  of  machinery  at  two 
places,  although  this  will  in  many  cases  be  more  than  offset  by 
the  saving  in  attendance  on  motors,  as  compared  with  steam- 
engines  and  boilers. 

Conditions  Affecting  the  Cost  of  Plant. 

The  cost  of  an  electric-transmission  plant  depends  chiefly  on 
three  conditions : 

First.  ^Nature  of  water-power  (assuming  such  power  to  be 
used)  and  cost  of  developing  it. 

Second.  Distance  of  transmission. 

Third.  Electromotive  force  or  voltage  used. 

In  order  to  show  more  clearly  the  effect  of  distance  and  volt- 
age on  cost  of  plant,  it  may  not  be  inappropriate  to  state  briefly 
the  principal  electrical  laws  involved  in  the  problem. 

Electrical  Laws  and  Formula. 
(1)  Electromotive    force,  "  pressure "    or    voltage    (symbol, 
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E.  M.  F.  or  E. ;   unit,  the  volt)  corresponds  to  pressure  of  water 
in  pounds  per  square  inch,  or  head  in  feet. 

(2)  Current  (s3^mbol,  C. ;  unit,  the  ampere)  corresponds  to 
flow  of  water  in  cubic  feet  per  second. 

(3)  Power  (symbol,  P. ;  unit,  the  watt)  corresponds  to  the 
power  of  falling  water,  and  is  equal  to  the  product  of  electro- 
motive force  and  current,  just  as  water-[)0wer  is  proportional  to 
the  product  of  pressure  or  head  and  flow, 

1  Kilowatt  =  1000  watts.  1  H.  P.  =  746  watts.  1  Kw  = 
1^  II.  P.     Formula,  P  =  EC. 

(4)  Resistance  of  a  conductor  to  the  transmission  of  electric 
current  (symbol,  R. ;  unit,  the  ohm)  corresponds  to  the  friction 
of  water  in  a  pipe.  This  resistance  is  directly  proportional  to 
the  length  of  the  conductor,  and  inversely  proportional  to  its 
area  of  cross-section. 

(5)  The  electric  current  is  equal  to  the  electromotive  force 
divided  by  the  resistance.  This  is  also  analogous  to  the  flow 
of  water,  which  increases  with  the  pressure,  and  decreases  as 
the  resistance  or  friction  increases,  although  the  law  is  not 
exactly  the  same. 

Formula  (Ohm's  law),  C  =  ?. 

(6)  Energy  wasted  in  a  conductor  by  being  converted  into 
heat  (symbol,  H. ;  unit,  the  watt,  as  before)  corresponds  to  the 
waste  of  power,  also  converted  into  heat,  by  the  friction  of 
water  in  a  pipe,  and  is  equal  to  the  square  of  the  current  mul- 
tiplied by  the  resistance. 

Formula,  H  =  C^R. 

Conclusions. 

(A)  From  (4)  and  (6)  it  is  e^^dent  that  increasing  the  dis- 
tance, and  consequently  the  length  of  wire  (other  things  re- 
maining the  same),  will  proportionately  increase  the  resistance 
and  the  loss  of  power ;  but  if  the  cross-section  of  the  wire  is 
increased  in  same  proportion  as  its  length,  the  resistance  and 
loss  will  remain  the  same.  This,  however,  increases  the  weight 
of  the  wire  as  the  square  of  the  distance.  Hence  the  law : 
For  a  [lie en  power  and  electromotive  force  {which  fixes  the  current) 
the  cost  of  copper,  for  a  specified  percentage  of  line-loss,  varies  as  the 
square  of  the  distance. 

(B)  From  (3)  it  appears  tliat  the  same  power  is  obtained  from 
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hig'li  electromotive  force  or  voltage  and  small  current  as  from 
low  voltage  and  proportionally  large  current — another  analogy 
to  water-power.  But  (6)  shows  that  the  loss  of  power  varies  as 
the  square  of  the  current,  and  hence  inversely  as  the  square  of 
the  voltage.  If  the  loss  (C'R)  is  to  remain  the  same,  R  can  be 
increased  as  much  as  C  is  decreased,  or  as  much  as  E^  is  in- 
creased, which  means  that  the  cross-section  and  weight  of  the 
wire  will  be  inversely  proportional  to  El     Hence  the  law: 

For  a  given  power  and  distance  the  cost  of  cojjper,  for  a  specified 
percentage  of  line-loss,  varies  inversely  as  the  square  of  the  voltage. 

(C)  Combining  (A)  and  (B)  the  following  law  is  established  : 

If  the  voltage  is  increased  in  proportion  to  the  distance,  the  cost  of 
wire  for  transmitting  a  given  power  with  a  specified  line-loss  remains 
constant. 

The  table  on  page  407  shows  the  cost  of  copper,  at  14  cents 
per  pound,  per  kilowatt  transmitted  by  the  2-wire  system  for 
various  distances  at  dift'erent  voltages,  with  10  per  cent,  waste  of 
energy  in  line. 

Considering  the  fact  that  the  total  cost  of  steam-  or  water- 
power,  electric  generators,  switch-board  and  motors  seldom  ex- 
ceeds $150  per  kilowatt,  it  is  evident  that  when  a  distance  is 
reached  that  makes  the  cost  of  wire  (and  transformers,  if  used) 
exceed  that  amount,  or  the  entire  cost  of  the  remainder  of  the 
plant,  that  distance  may  be  considered  to  be  near,  if  not  beyond, 
the  economical  limit,  unless  the  conditions  are  peculiarly  favor- 
able for  electric  power. 

With  500  volts  this  condition  is  reached  inside  of  three 
miles ;  with  1000  volts,  inside  of  six  miles ;  with  3000  volts,  at 
about  seventeen  miles,  and  with  10,000  volts,  at  about  fifty  miles 
(allowing  for  transformers). 

It  is  evident  from  the  foregoing  principles  and  figures  that 
the  key  to  long-distance  transmission  is  high  voltage. 

Systems. 

Direct  Current. — Direct-current  generators,  suitable  for  power- 
purposes,  cannot  be  made  to  operate  successfully  at  a  much 
higher  electromotive  force  than  1000  volts,  on  account  of  the 
arcing  and  short-circuiting  of  the  commutator  and  its  connec- 
tions required  to  rectify  the  current. 

The  direct  current  cannot  be  transformed  to  a  liio:her  voltage. 
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except  ill  a  macliiiie  similar  in  construction  to  a  generator  and 
open  to  the  same  objections. 

The  expedient  of  connecting  several  generators  in  series,  thus 
multiplying  the  voltage,  has  been  tried  in  a  few  cases,  but  it  is 
suitable  only  where  power  is  to  be  transmitted  and  used  in 
large  units.  It  would  be  manifestly  impracticable  to  connect 
several  motors  in  series  for  small  powers,  and  especially  for 
such  purposes  as  running  hoists,  pumps,  blowers  and  other 
mining-machinery. 

Single-Phase  Alternating  Current. — The  single-phase  alternat- 
ing-current generator  can  be  wound  without  difficulty  for  3000 
to  4000  volts,  and  considerably  higher  if  necessary,  as  the  cur- 
rent is  taken  off  from  two  continuous  rings  without  rectifying 
it,  thus  avoiding  the  difficulties  experienced  with  the  commu- 
tators of  the  direct-current  machine. 

By  the  principle  of  induction,  an  alternating  current  of  mod- 
erate voltage  can  be  transformed  into  a  current  of  smaller  am- 
perage and  proportionally  higher  voltage,  for  transmission,  and 
can  be  re-transformed  at  the  othe.r  end  of  the  line  to  any  vol- 
tage desired  for  lights  or  power,  the  amperage  varying  inversely 
as  the  voltage.  The  energy  remains  the  same,  excepting  a 
small  loss  in  the  transformation,  not  exceeding  2  per  cent,  in 
large  transformers.  As  the  coils  of  the  transformer  are  sta- 
tionary, and  there  are  no  sliding-contacts,  any  desired  amount 
of  insulation  can  be  used,  and  almost  any  voltage  can  be  gene- 
rated that  can  be  controlled  on  the  line.  Many  plants  are  in 
operation  at  10,000  to  12,000  volts,  and  as  high  as  50,000  volts 
has  been  used  experimentally  with  promising  results. 

The  single-phase  alternating  current  is  widely  used  for  light- 
ing, but,  being  a  simple  alternating  wave,  is  not  suitable  for 
power,  as  no  satisfactory  single-phase  alternating  motor  of  large 
size  has  yet  been  devised  that  is  self-starting  under  load  and 
capable  of  speed-regulation.  If  a  motor  built  on  the  same  lines 
as  a  single-phase  generator  is  brought  u[i  to  the  proper  speed 
by  some  extraneous  power,  so  that  the  alternating  impulses 
will  act  in  the  right  direction  at  the  right  instants,  and  the  cur- 
rent is  then  sent  through  the  motor  and  the  load  gradually 
thrown  on,  it  will  run  satisfactorily  at  constant  speed.  Such  a 
machine  is  called  a  synchronous  motor,  because  it  runs  syn- 
chronously, or  in  step  with  the  alternations  of  the  current.     Its 
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speed  cannot  be  regulated ;  and  if  a  sudden  load  causes  it  to 
slow  down  and  lose  step,  it  stops.  It  is  inconvenient,  and  in  fact 
impracticable,  for  service  where  frequent  stops  and  starts  are 
necessary,  because  starting  it  is  such  a  tedious  operation,  and  if 
it  must  start  with  load  on,  it  cannot  be  used  at  all. 

Multiphase  Alternating  Current. — The  successful  development 
of  the  multiphase  system  during  the  past  four  years  has  solved 
the  problem,  and  secured  the  advantages  of  both  the  direct  and 
alternating  currents.  A  multiphase  generator  has  several 
windings,  so  placed  as  to  generate  several  alternating  currents 
difieriug  in  phase,  that  is,  passing  the  zero  and  maximum 
points  at  different  instants.  Under  the  influence  of  these  cur- 
rents (which  may  be  compared  roughly  to  the  cranks  of  a 
duplex  or  triplex  engine — no  dead-center),  multiphase  synchro- 
nous motors  are  self-starting  under  light  load,  while  non-syn- 
chronous or  induction  motoi-s  will  start  under  full  load,  and  are 
capable  of  speed-regulation.  The  latter  possess  the  good  quali- 
ties of  direct-current  motors,  and  the  additional  advantage  of 
having  no  commutator  and,  unless  speed-regulation  is  required, 
neither  collecting-rings  nor  brushes,  the  wires  being  simply 
connected  to  terminals  on  the  field  of  the  machine.  On  the 
other  hand,  the  multiphase  alternating  current,  like  the  single 
phase,  retains  the  indispensal)le  quality,  for  long-distance  trans- 
mission, of  being  transformable  from  low  to  high  voltage  for 
transmission,  and  from  high  to  low  for  use  at  its  destination. 

History. 

It  may  be  interesting  to  trace  briefly  the  development  of  elec- 
tric mining  operations  in  the  Rocky  Mountain  district,  and  the 
effects  of  the  foregoing  principles  and  systems  on  this  evolution. 

First  Application  of  Eledricitu  in  31ines. — In  July,  1888,  the 
first  electric  hoist  in  .this  region,  and  probably  in  the  world,  was 
successfully  started  in  the  Veteran  tunnel.  Aspen,  Colo.  It 
consists  of  a  7|  H.  P.  street-car  motor  of  one  of  the  earliest  types 
(just  coming  into  use  at  that  time),  geared  to  a  flat  friction- 
hoist,  used  for  hauling  cars  into  the  tunnel.  Later,  it  was  ar- 
ranged so  that  it  could  be  thrown  into  gear  with  either  this 
drum  or  another  used  for  hoisting  from  an  adjacent  shaft.  This 
machine  has  done  good  work  continuously  for  eight  years,  and 
is  still  in  service. 

Development  at  Aspen,  Colo. — To  supply  this  and  other  simi- 
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lar  hoists  that  soon  followed  it,  the  Roaring  Fork  Electric  Light 
and  Power  Company,  using  water-power  from  Hunter's  creek 
installed  a  45-Kw.  bi-polar  500-volt  generator,  and  later  a  100- 
Kw.  generator  of  the  same  type.  In  1892,  this  company  de- 
veloped another  water-power  on  Maroon  and  Castle  creeks,  and 
installed  two  200-Kw.  multipolar  500-volt  generators.  This 
plant  was  started  in  the  spring  of  1893. 

In  1892,  the  People's  Light  and  Power  Company,  using 
water-power  on  Castle  creek,  installed  a  light-  and  power-plant, 
the  latter  consisting  of  four  100-Kw\  bi-polar  500-volt  genera- 
tors. 

There  are  now  in  use  in  the  mines  at  Aspen  thirty  motors, 
varying  in  size  from  1  H.  P.  to  120  H.  P.,  and  aggregating  622 
H.  P.,  which  are  used  for  hoisting,  ventilating,  diamond-drilling 
and  running  mills,  samplers  and  miscellaneous  machinery. 

The  successful  use  of  electric  power  at  Aspen  was  rapidly 
followed  by  many  other  direct-current  500-volt  plants,  which  are 
enumerated  in  the  table  facing  page  416. 

The  Virginius  Plant,  Ouray,  Colo. — In  1890  the  Caroline 
Mining  Co.,  operating,  at  great  expense  for  fuel,  the  Virginius 
and  other  mines  on  Mt.  Sneffels,  at  an  altitude  of  12,700  feet 
took  advantage  of  the  new  power  just  coming  to  the  front,  and 
installed  an  electric  plant  on  Canyon  creek,  about  four  miles 
from  the  mine.  At  this  distance,  wire  for  500  volts  would  be 
very  expensive  (see  table  on  page  407)  ;  so  they  boldly  faced  this 
difficulty  by  adopting  900  volts,  a  much  higher  pressure  than 
had  ever  been  used  before  in  this  kind  of  work.  From  this 
plant  they  supplied  two  pumps,  a  hoist  and  a  blower,  and  ran 
their  mills  located  at  the  mine.  After  the  completion  of  the 
Revenue  tunnel  and  mill,  the  pumps  were  discontinued  and  the 
mill-motors  were  removed  to  the  new  mill  and  others  added. 
An  additional  plant  of  300-Kw.  capacity  is  now  being  installed, 
and  an  electric  locomotive  is  to  be  put  in  the  tunnel. 

This  plant  is  conspicuous  in  the  following  respects : 
High  altitude  and  precipitous  nature  of  country. 
Severity  of  lightning. 
High  voltage  for  direct  current. 

Great  saving  by  electricity,  amounting  to  the  cost  of  the 
jdant  every  year  or  two,  and  permitting  the  profitable 
working  of  the  property  at  times  when  it  would  not 
otherwise  have  paid  expenses. 
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The  Anaconda,  31ontana,  Transmission-Plant. — Several  years 
ago,  the  Anaconda  Copper  Mining  Co.  installed  a  plant  for  trans- 
mitting power  2|  miles,  to  run  electrolytic  generators  in  its 
refinery.  Eight  100-Kw.  500-volt  bipolar  generators  were  con- 
nected in  two  series  of  fonr  each,  giving  2000  volts,  and  at  the 
receiving-end,  eight  60-Kw.  500-volt  bipolar  motors  were  simi- 
larly connected  and  belted  to  a  shaft,  from  which  the  electrolytic 
generators  were  driven.  This  arrangement  was  abandoned 
some  time  ago,  because  the  total  capacity  of  the  water-power 
plant  was  required  for  light  and  power  in  the  town  of  Anaconda ; 
and  a  high-economy  steam-plant  was  therefore  installed  at  the 
refinery. 

The  Telluride  Plant. — In  1891  the  San  Miguel  Consolidated 
Mining  Co.,  of  Telluride,  Colo.,  developed  a  water-power  at  the 
junction  of  the  Lake  and  Howard  forks  of  the  San  Miguel  river, 
for  the  purpose  of  supplying  power  and  light  to  mines  and  mills 
in  that  district,  at  distances  varying  from  two  to  fifteen  miles. 
The  direct  current  at  500  or  even  1000  volts  being  too  expen- 
sive for  that  distance,  they  turned  to  the  alternating  current; 
and  the  only  alternating  current  available  at  that  time  being 
the  single-phase,  this  was  adopted.  Several  mills  were  run  by 
synchronous  motors  quite  successfully ;  but  the  application  of 
power  to  miscellaneous  purposes,  requiring  speed-regulation  and 
frequent  starts  and  stops,  was  impracticable  with  this  system, 
for  the  reasons  heretofore  explained.  The  plant  has  recently 
been  changed  to  the  multiphase  alternating  system,  using  two- 
phase  generators  and  motors,  and  an  arrangement  of  transform- 
ers to  change  the  two-phase  into  three-phase  current  for  trans- 
mission, on  account  of  the  saving  of  25  per  cent,  in  copper 
effected  by  the  three-phase  system,  as  compared  with  the  two- 
phase.  This  plant  is  now  lighting  the  town  of  Telluride  and 
supplying  motors  for  running  a  number  of  mills  in  that 
vicinity. 

Silver  Lake  Mines  Plant,  Siloerton,  Colorado. — In  1894  Mr. 
Edward  G.  Stoiber,  owner  of  the  Silver  Lake  mines,  installed 
the  first  multiphase  plant  in  this  part  of  the  country.  The 
three-phase  system  was  adopted  in  preference  to  the  two-phase, 
partly  on  account  of  saving  of  25  per  cent,  of  copper  in  line, 
and  partly  because  of  the  much  larger  number  of  j)! ants  on  the 
former  system  in  successful  practical  operation.     The  capacity 
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of  the  plant  was  doubled  in  1895  and  is  now  beino^  still  farther 
increased.  This  is  the  largest  and  most  complete  three-phase 
plant  for  purely  mining  purposes  in  the  United  States,  and 
operates  almost  every  variety  of  mining-machinery,  including 
concentrating-mill,  hoist,  air-compressor  for  drills,  pumps, 
blowers,  machine-shop  and  lights.  The  distance  of  transmis- 
sion is  3  miles.  The  available  water-power  being  insufficient 
for  the  needs  of  the  mine,  especially  in  winter,  and  the  generat- 
ing-station  being  on  the  railroad,  where  coal  can  be  delivered 
at  a  moderate  price,  it  is  intended  to  install  a  compound  con- 
densing steam-plant  of  considerably  larger  capacity  than  the 
present  water-power  plant,  the  engines  and  water-wheels  being 
arranged  to  work  together  so  that  the  water-power  can  at  all 
times  be  utilized  up  to  its  limit,  the  remainder  of  the  required 
power  being  furnished  by  steam. 

Of  the  large  number  of  electric-mining  plants  installed  in 
the  Rocky  Mountain  district  during  the  past  eight  years,  the 
foregoing  are  selected  in  tracing  the  development  of  electric 
power,  as  they  illustrate  all  of  the  systems  that  have  been  tried, 
namely  : 

Direct  current,  moderate  voltage  (500  volts  or  less). 

Direct  current,  high  voltage  (900). 

Direct  current,  using  several  generators  and  motors  in  series. 

Single-phase  alternating. 

Two-phase  alternating. 

Three-phase  alternating. 

The  table  facing  page  416  gives  a  list,  which  is  believed  to 
be  complete  and  correct,  of  all  electric-power  plants  for  mining 
and  ore-reducing  purposes  in  this  district,  showing  in  detail  the 
number,  kind  and  capacity  of  the  machines  installed  and  the 
distance  of  transmission. 

Electric  Mining  Machinery. 

As  will  be  seen  from  an  examination  of  the  appended  list  of 
plants,  electricity  is  being  applied  to  the  operation  of  every  kind 
of  machinery  used  in  mines. 

Hoists. — The  iirst  application  of  electric  power,  and  one  of 
the  simplest,  was  to  hoisting;  the  rotary  motion  of  the  electric 
motor  being  easily  adapted  to  this  work. 

Most  of  the  earlier  machines  consisted  of  street-car  motors. 
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geared  to  flat-friction  or  A-frictioii  lioists.  This  type  is  very 
satisfactory  for  small  or  medium-sized  machines,  as  the  friction- 
gear is  an  assistance  to  the  motor-controller  in  smooth  starting. 

For  large  hoists  a  positive  geared  motor  is  more  reliable ; 
but  it  is  desirable  to  interpose  a  friction-clutch  or  equivalent 
device  at  some  point  between  armature  and  drum,  as  a  safe- 
guard in  case  of  excessive  strain  on  gearing,  caused  by  the  in- 
ertia of  the  armature  when  the  drum  is  stopped  by  a  too  sudden 
application  of  the  brakes.  Mr.  D.  W.  Brunton,  of  Aspen,  has 
designed  a  slipping-pinion,  which  is  used  on  the  electric  hoists 
in  mines  under  his  management,  and  serves  this  purpose  ad- 
mirably. 

The  choice  of  the  best  kind  of  motor  depends  considerably 
on  the  size  of  the  hoist,  its  location,  and  the  nature  of  the  work. 
For  an  unbalanced  hoist  of  moderate  size,  especially  if  placed 
underground  and  exposed  to  dirt  and  water,  the  iron-clad  series- 
wound  street-car  type  is  well  adapted,  as  it  is  strong,  well  pro- 
tected and  designed  to  stand  heavy  work  on  intermittent  ser- 
vice. In  this  motor,  efficiency,  low  heating  and  absolute  freedom 
from  sparking  are  to  some  extent  sacrificed  for  compactness 
and  lightness.  For  large  hoists,  which  are  generally  located  in 
comparatively  clean,  dry  places,  and,  if  over-balanced,  work 
almost  continuously,  hoisting  and  lowering,  and  in  which  high 
efficiency  is  more  important  than  in  small  hoists,  the  stationary 
type  of  motor  is  usually  preferable. 

The  speed-controller  is  one  of  the  most  important  features  of 
an  electric  hoist.  On  many  of  the  earlier  hoists  the  commu- 
tated  field,  thrown  into  various  combinations  of  different  resist- 
ances by  a  cylinder-switch,  was  employed  ;  this  form  of  control 
being  at  that  time  widely  used  in  street-car  service.  This  con- 
troller gave  quite  satisfactory  results  when  assisted  by  friction- 
gearing  ;  but  with  positive  gearing  it  would  not  give  a  sufficiently 
gradual  start.  On  most  hoists  a  variable  resistance  in  armar 
ture-circuit  is  employed;  and  by  making  this  resistance  suf- 
ficiently high,  a  perfectly  smooth  start  may  be  obtained,  even 
with  slack  rope.  The  most  satisfactory  rheostatic  controller, 
especially  for  heavy  work,  is  one  in  which  the  resistance  is  cut 
in  and  out  by  a  cylindrical  switch  with  magnetic  blow-out, 
which  avoids  the  troublesome  effiect  of  arcing  at  contacts,  when 
the  current  is  broken. 
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In  some  cases  it  is  practicable  to  use  a  double-motor  equip- 
ment, with  series-parallel  controller,  such  as  is  now  employed 
almost  exclusively  in  street-car  work. 

By  overbalancing  a  hoist,  making  the  counterweight  equal 
to  the  dead  load  plus  about  half  the  live  load,  the  work  in 
hoisting  and  lowering  can  be  made  approximately  equal,  and 
the  maximum  current  and  size  of  motor  can  be  reduced  to  con- 
siderably less  than  half  of  what  would  be  required  for  doing 
the  same  w^ork  with  an  unbalanced  hoist.  This  principle  is 
used  in  the  electric  hoists  at  the  Free  Silver,  Alta  Argent  and 
Delia  S.  mines  at  Aspen,  and  the  Silver  Lake  mines  at  Silver- 
ton,  and  will  doubtless  be  employed  more  generally  in  the 
future  than  in  the  past. 

The  Alta  Argent  hoist,  in  addition  to  being  overbalanced,  is 
arranged  in  a  novel  manner.  The  hoist,  \Aath  its  motor,  is 
placed  on  a  substantial  platform  above  the  head  of  the  incline, 
and  is  out  of  the  way  of  the  operator,  who  is  located,  with  the 
controlling  levers,  just  below  the  hoist  and  on  the  level  where 
the  cars  are  run  off.  This  gives  more  room  for  handling  the 
cars  as  they  are  raised,  and  enables  the  hoist-operator  to  do  this 
work. 

The  largest  electric  hoist  in  the  world  is  on  the  Free  Silver 
shaft  at  Aspen,  Colorado.  It  is  an  overbalanced  double-reel, 
flat--rope  hoist,  equipped  with  a  100-Kw.  4-pole  motor,  capable 
of  developing  120  H.  P.  continuously  and  150  to  175  H.  P.  in- 
termittently. An  auxiliary  60-H.  P.  motor,  ordinarily  doing 
other  work,  is  arranged  so  that  it  can  be  geared  to  the  hoist 
counter-shaft  and  assist  the  large  motor  if  necessary.  Each  reel 
has  1500  feet  of  4-by-f-inch  flat  rope,  weighing  2|  pounds  per 
foot.  The  cage  weighs  1375  pounds,  bucket  and  ore  (hung 
from  cage  in  sinking)  about  2400  pounds,  car  and  ore  about 
3500  pounds,  and  bailer,  containing  111  cubic  feet  of  water, 
about  9000  pounds.  Two  counter-weights  are  used,  the  one 
for  cage  and  bucket  weighing  2450  pounds,  and  the  one  for 
cage  and  car  2675  pounds,  the  two  being  combined  when  bail- 
ing. Two  armature-pinions  are  provided  (the  motor  sliding  on 
rails),  one  for  ordinary  hoisting  giving  a  speed  of  600  feet  per 
minute,  and  the  other  for  bailing  at  1000  feet  per  minute, 
which,  with  the  maximum  load  of  about  10,000  pounds  (bail- 
ing), would  require  over  300  II.  P.  net,  exclusive  of  friction  in 
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gearing  and  rope,  were  it  not  for  the  overbalanced  arrangement. 
Actual  tests  have  shown  that  the  average  current  consumed  in 
hoisting  with  counter-weight  is  only  about  one-third  of  the 
amount  required  when  the  hoist  is  unbalanced. 

Pi(mj)S. — The  electric  pump  presents  a  somewhat  more  dif- 
ficult mechanical  pn)l)lem  than  the  hoist,  on  account  of  the  con- 
version of  rotary  into  reciprocating  motion,  and  the  importance, 
in  most  cases,  of  compactness  and  protection  of  the  motor 
against  water.  That  the  problem  has  been  satisfactorily  solved, 
however,  is  proved  by  the  large  number  of  electric  pumps  of 
various  kinds  and  sizes  in  successful  operation. 

Duplex  and  triplex  pumps,  both  vertical  and  horizontal,  are 
suitable  for  operation  by  electric  motors.  For  small  pumps, 
where  plenty  of  space  is  available,  a  belted  motor  affords  the 
cheapest  arrangement  and  gives  satisfactory  results.  In  the 
majority  of  cases  a  geared  pump  with  motor  on  the  same  base 
is  best.  Both  spur-  and  worm-gears  have  been  used  success- 
fully, various  devices  being  employed  with  the  latter  to  neutral- 
ize the  thrust.  In  the  70-11.  P.  pump  in  the  Virginius  mine 
(Caroline  Mining  Co.,  Ouray),  the  armature-shaft  carries  two 
worms,  one  right-  and  one  left-hand,  working  into  two  gears 
which  mesh  into  each  other.  In  the  15-H.  P.  pump  in  the 
same  mine,  the  armature  is  placed  vertically,  and  its  weight 
approximately  offsets  the  thrust.  In  most  of  the  electric  pumps 
made  during  the  past  few  years,  spur-gearing  has  been  used, 
and  with  good  results. 

The  sinking-pump  is  the  most  difficult  to  design,  on  account 
of  the  small  space  available  for  the  motor,  and  the  necessity  of 
enclosing  it  in  a  practically  water-tight  case;  but  numerous 
successful  pumps  of  this  kind  have  been  made  and  installed. 
The  three-phase  induction-motor  is  specially  adapted  to  this 
work,  as  it  has  no  brushes  or  moving  contacts,  and  the  wires 
can  be  carried  through  water-tight  bushings  in  the  case  to  the 
stationary  terminals  on  the  field. 

Speed-control  is  an  important  question  in  electric  pumping. 
Where  waste  of  power  is  unobjectionable,  a  rheostat  in  arma- 
ture-circuit is  suitable.  If  high  efficiency  is  imperative,  and  the 
required  variation  in  speed  is  not  great,  it  may  be  economically 
accomplished  by  varying  the  field-strength  of  the  motor,  either 
by  commutating  a  sectional  field  or  by  the  use  of  a  rheostat. 
When  the  generator  supplies  nothing  but  the  pump,  an  excel- 
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lent  method  is  to  vary  the  generator-voltage  by  changing  its 
speed  or  field-strength,  or  both.  In  some  cases  a  water  by-pass 
can  be  advantageously  used.  In  others  it  is  best  to  pump  at 
full  capacity  intermittently.  The  most  suitable  method  is  a  mat- 
ter of  judgment  in  each  case. 

Bloicers — The  running  of  blowers  and  exhausters  is  another 
simple  operation,  the  motor  being  either  belted,  geared  or  di- 
rect-connected to  the  blower-shaft.  Small  outfits  of  this  kind, 
placed  at  various  points  throughout  the  mine,  run  continuously 
with  very  little  attention,  and  aiford  the  most  economical  and 
satisfactory  ventilation — far  superior  to  the  vitiated  air  that 
has  passed  through  air-compressors  and  drills. 

Percussion-Brills. — To  obtain  with  electricity  the  rapid  recip- 
rocating motion  with  varying  stroke  and  necessary  elasticity 
required  in  a  percussion-drill,  and  at  the  same  time  get  a  machine 
that  will  stand  unlimited  abuse,  has  been  the  hardest  problem 
in  the  mining  field  that  the  electrician  has  had  to  solve. 

Two  general  methods  have  been  followed.  One  employs  the 
ordinary  rotary  motor,  connected  to  the  drill  by  a  flexible  shaft 
and  producing  the  oscillatory  motion  by  cranks,  cams,  levers, 
springs  and  similar  devices.  The  other  uses  the  solenoid  prin- 
ciple, the  plunger  being  moved  back  and  forth  within  two 
solenoids,  placed  end  to  end,  by  currents  sent  through  the  two 
alternately,  these  currents  being  shifted  automatically  at  the 
drill  or  generator — generally  and  preferably  at  the  latter. 

The  solenoid  type  of  drill  is  the  only  one  that  has  been  used 
commercially  and  successfully  in  this  country.  These  drills 
were  tried  in  several  mines  in  Colorado  and  elsewhere  about 
four  years  ago,  but  were  only  partially  satisfactory.  The  prin- 
cipal defects  were  lack  of  pulling-power,  heating  of  solenoids, 
unsoldering  of  connections  and  breaking  of  drill-chucks,  due 
to  the  crystallization  of  the  bronze  of  which  they  were  at  that 
time  made.  These  defects  have  been  remedied  by  better  elec- 
trical and  mechanical  design  of  solenoids  and  connections,  and 
the  adoption  of  an  all-steel  plunger  and  chuck.  The  improved 
drills  have  been  used  successfully  for  some  time  in  quarrying 
and  tunneling  in  the  East;  and  two  plants,  as  shown  in  the 
table,  have  recently  been  installed  in  mines  in  this  vicinity,  the 
operation  of  which  will  throw  much  light  on  the  exact  value 
of  the  drill  for  mining  use. 

Diamond  Prospecting-Drills. — In  contrast  with  the  percussion- 
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drill,  tlu'  rotarv  (liainoiid-drill  is  more  easily  and  satisfactorily 
oi)erated  l)y  an  electric  motor  tiian  by  any  other  power,  not 
only  because  tlie  rotarv  motion  of  tlie  motor  can  be  applied 
directly  to  the  drill,  while  the  reciprocatini;-  motion  of  a  steam- 
er air-  engine  nnist  be  converted,  but  also  because  the  former 
is  much  steadier  than  the  latter,  and  causes  less  wear  and 
breaka<;e  of  carbons.  IVloreover,  tlu'  transmission  of  power 
into  a  mine  by  electricity  is  more  economical  than  liy  steam  or 
air,  and  the  electric  drill,  with  its  wires,  can  be  more  conve- 
iently  moved  from  place  to  place  tlian  the  steam-  or  air-drill 
<\nd  pipes.  On  account  of  these  advantages  the  electric  diamond- 
drill  has  become  a  favorite  wherever  current  can  be  conve- 
niently obtained. 

Coal-Cutters. — Electricity  was  successfully  used  for  coal-cut- 
ting even  when  the  direct-current  motor  was  the  only  kind 
availalde.  The  application  to  the  chain-cutter  of  the  three- 
phase  induction-motor,  without  commutator,  collector  or 
brushes,  and  avoiding  all  possibility  of  sparking,  has  produced 
an  almost  ideal  macliine  for  this  work.  Another  valuable  char- 
acteristic of  the  induction-motor  for  this  kind  of  service  is  the 
fact  that,  when  overloaded  l)eyond  a  certain  limit  by  striking  a 
hard  stratum  or  by  sticking  of  the  cutter,  it  stops,  thus  reliev- 
ing both  motor  and  machine  from  excessive  strains. 

These  coal-cutters  are  being  rapidly  introduced  in  the  East, 
but  liave  not  yet  been  used  in  this  part  of  the  country. 

Locomotires. — Electric  haulage  in  mines,  under  ordinary  con- 
ditions and  where  distance  and  tonnage  are  not  too  small,  is 
without  much  question  su})erior  to  any  other  system  available. 
It  is  more  tlexil)le  than  rope-haulage  and  more  economical  than 
mules  or  compressed  air. 

Electric  locomotives  have  been  [>rinci[)ally  enndoyed  in  coal- 
mines on  account  of  larger  tonnage  and  longer  hauls ;  but,  as 
shown  in  the  apjtendi'd  list  of  plants,  are  coming  into  use  in 
metalliferous  mines,  and  will  be  used  more  widely  as  long  tun- 
nels, tapping  numerous  veins,  become  more  common. 

Mine-haulage  is  similar  in  most  res[»ects  to  street-railway 
service;  but  the  locomotives  must  generally  be  adapted  to  nar- 
rower gauge,  tlie  motors  should  be  better  protected,  the  speed 
is  slower  and  the  weight  on  driving-wheels  greater. 

The  series-parallel  controller,  now  so  widely  used  in  street- 
voL.  XXVI. — 27 
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car  service,  which  throws  the  motors  in  series  for  starting  and 
slow  speeds,  and  in  parallel  for  higher  speeds,  is  not  so  snitahle 
for  a  mining-locomotive,  for  the  reason  that  the  slipping  of  one 
]>air  of  wliccls  (which  is  more  liahle  to  occur  than  on  a  street- 
car, the  load  heing  l)ehind  the  locomotive  and  the  rails  heing 
more  slippery)  increases  the  speed  of  the  motor  on  that  axle, 
raises  the  connter-electromotive  force  and  cuts  down  the  cur- 
rent through  hoth  motors,  if  in  series,  thus  reducing  the  power 
of  hoth.  For  this  reason  some  form  of  rheostat-controller  is 
generally  used. 

The  essential  requirements  in  a  mining-locomotive  are  com- 
pactness, strength,  simplicity,  convenience  of  handling  and 
especiall}'  durability  and  freedom  from  repairs. 

Placer-Mining  Machines. — ^Electric  power  has  been  very  satis- 
factorily applied  to  the  operation  of  phicer-mining  machines, 
several  motors  l)eing  employed  to  run  the  ditferent  parts  of 
the  dredge  and  gravel-treating  apparatus.  One  motor  generally 
raises  and  lowers  the  dipper ;  one  forces  it  into  the  bank ;  an- 
other works  the  turn-table  for  depositing  the  gravel  in  the 
hopper;  and  a  fourth  operates  the  cylinder,  tailings-carrier, 
amalgamator,  etc.  All  of  these  motors  are  supplied  by  a  gen- 
erator located  at  any  convenient  }»oint.  The  peculiar  adapta- 
bility of  electric  motors  to  such  work  is  evident;  in  fact  it 
would  be  ditiicult  to  operate  such  a  machine  in  any  other  way. 

The  Bennett  Amalgamator  Manufacturing  Co.  is  operating  a 
plant  of  this  kind  for  the  South  Park  Mining  Co.  at  Green 
River,  L'tah,  and  the  Gold  Dredging  Co.  has  a  similar  installa- 
tion at  Bannock,  Montana. 

Electro-Metallurgy.        • 

Copper- Hcjinivg. — The  principal  ai)plication  of  electricity  to 
metallurgical  operations  in  this  part  of  the  country  is  copper- 
refining,  which  is  carried  on  extensively  at  Anaconda  and 
Great  Falls,  Montana.  The  plant  at  Anaconda  consists  of 
eight  electrolytic  generators,  aggregating  1870  I\w.,  and  its 
capacity  is  125  tons  of  i-etined  copper  per  day,  the  average 
output  being  about  100  tons  per  day.  They  also  have  a  100- 
Kw.,  110-volt  ])Ower-generator,  sujtplying  two  25  H.-P.  loco- 
motives and  three  trax'eling  cranes,  for  handling  and  transport- 
ing materials  and  })rodu('t. 
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The  commercial  success  of  the  process  is  too  well  estab- 
lished to  require  discussion.  Tts  economy  is  ]irinci])ally  a 
question  of  tlic  cost  ol'  power  and  the  scale  on  wliieli  o[)erar 
tions  can  be  conducted. 

Gold-  (tixl  Silvcr-Extracthm. — Electricity  has  been  ap])lied  as 
an  auxiliary  in  various  processes  for  tlie  treatment  of  gold  and 
silver  ores  by  cyanide,  chlorination  and  anialganuition.  While 
some  of  these  processes  are  based  solely  on  the  faith  of  the  in- 
ventor that  a  current  of  electricity  sent  through  his  mixture 
will  in  some  mysterious  way  produce  results  that  he  cannot 
otherwise  obtain,  others  undoul»tedly  p(tssess  merit,  as  they  are 
founded  ou  well-established  laws  of  electro-chemical  action. 
These  processes  are  usually  conducted  with  considerable 
secrecy,  and  it  is  impossible  to  give  any  reliable  data  as  to  the 
actual  results  accomplished  or  the  economy  of  the  operations. 
There  is  reason  to  believe,  however,  that,  with  the  proper  com- 
bination of  chemical,  metallurgical  ami  electrical  knowledge 
brought  to  bear  upon  this  subject,  good  results  may  be  ex- 
pected. 

Future  Development. 

During  the  past  eight  years,  and  principally  in  the  last  four 
years,  52  distinct  companies  in  the  Rocky  Mountain  district 
alone  have  installed  electric-power  machinery  for  mining  and 
ore-i'e(lucing  puri)0ses,  comprising  71  generators,  aggregating 
10,904  kilowatts,  and  135  motors,  aggregating  5201  horse-power, 
operating  every  variety  of  mining  and  milling  machinery. 

Electric  apjtaratus,  foi-merly  regarded  as  delicate  and  pecu- 
liarly subject  to  break-downs,  has  been  brought  to  such  a  de- 
gree of  perfection  that  depreciation  and  re[)airs  may  be  consid- 
ered as  less  on  this  than  on  almost  any  other  kind  of  machinery. 

The  multii)hase  high-voltage  system  has  brought  nearly 
every  mining  district  within  economical  reach  of  water-power. 

The  induction-motor,  without  commutator,  collector  or 
brushes,  is  the  acme  of  simjilicity  and  durability. 

Electro-metallurgical  operations  are  increasing  ami  give 
promise  of  success. 

Under  these  conditions  it  may  be  safely  predicted  that  during 
the  next  live  years  much  greater  progress  will  be  made,  and  tlie 
application  of  electricity  will  become  one  of  the  most  attractive 
and  important  features  of  mining  economy. 
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Fig.  9. 


FIRST   ELECTRIC    HOIST  IN  AMERICA. 

Equipped  with  7>^  H.  P.  Motor. 

Capacity  loOO  pounds,  100  feet  per  minute. 

Installed  in  Veteran  Tunnel,  Aspen,  Colo.,  July,  1888. 


Fig.  10. 


LARGEST   ELECTRIC   HOIST    IX    .AMERICA. 

Equii)ped  with  150  H.  P.  .Motor, 

and  Auxiliary  60  H.  P.  Motor. 

Capacity,  over-balanced,  lo.OuO  pounds,  lOOf)  feet  per  minute. 

Installed  at  Free  Silver  Shalt,  Aspen,  Colo.,  Dec,  1S9-1. 
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Fig.    11. 


ELECTRIC   HOIST, 

Equipped  with 

Direct  Current  Railway  Type  Motor, 

Pleasant  Valley  Coal  Co.,  Castle  Gate,  Utah. 


Fui.    12. 


ELECTRIC  HOIST, 

Equipped  with 

Three-phase  Induction  Motor. 
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Fig.   14. 


TRIPLEX  TRACK-PUMP. 

Equipped  with 

Direct-Current  Slow-Speed  Motor. 


Fro.   15. 


VEKTK  AL  TUIPLEX    PUMP. 

Iv|Uippeil  with 

Three-phase  Induction  Motor. 


430        ELECTRIC    MINING    IN    THE    ROCKY    MOUNTAIN    REGION. 


Fig.  16. 


DUPLEX   SINKING-PUMP. 

Equipped  with 

Direct-Current  Motor  in  Water-tight  Casing. 


ELECTRI 
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Fi(i.   17. 


DUPLEX  SINKING-PUMP. 

Equipped  with  .  ,  ,  ^    • 

Three-phase  Induction  Motor  in  Water-tight  Casing. 
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Fig.  19. 


"i.;.    -JO. 


TWO  TYPES  OF  ±tl.OWERS. 

Equipped  with 

Direct-Connected  Slow-Speed  Motors. 
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Fig.  21. 


ELECTRIC  SOLENOID  PERCUSSION-DRILL. 
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Fig.  22. 


ELECTRIC   DIAMOND   PROSPECTING   DRILL. 

With  Electric  Pump  for  Flushing  Hole  and  Operating  Hydraulic 

Feed,  San  Bernardo  Mine,  Trout  Lake,  Colo. 
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Sketch  of  a  Portion  of  the  Gunnison  Gold  Belt,  Includi-.g 
the  Vulcan  and  Mammoth  Chimney  Mines. 

BY  ARTHUR  LAKES,  DENVER,  COLO. 

(Colorado  Meeting,  September,  1896.) 

Within  the  past  few  months  I  have  had  occasion  to  visit 
and  examine  tlie  area  of  country  in  Gunnison  county  locally 
called  the  Gold  Belt  and  extending  from  the  Ceholla  river  on 
the  west  to  the  head  of  Taylor  Park  and  the  Sawatch  range 
on  the  east.  The  region  including  the  "■  belt"  may  be  divided 
topographically  into  two  parts,  a  northern  and  a  southern  one. 
The  former  is  characterized  by  lofty  mountains  and  deep 
canons,  with  occasional  parks  and  wide  valleys.  Most  of  it  is 
included  in  the  granitic  system  of  the  Sawatch  range,  with 
local  patches  of  the  Paljieozoic  sedimentary  rocks,  more  or 
less  traversed  by  great  bodies  of  porphyry  and  other  eruptive 
rocks.  Tlie  southern  portion,  on  the  other  hand,  is  character- 
ized by  comparatively  low,  rounded  hills  of  schist  and  schis- 
tose gneisses,  underlain  l>y  coarse,  massive  granite,  which  out- 
crops locally  in  small,  and  sometimes  in  large,  patches.  These 
hills  also  sometimes  form  table-lands  by  reason  of  overflows  of 
lavas,  such  as  andesitic  breccia,  rhyolite,  trachyte  and  basalt. 
The  leading  geological  feature  is  that  of  a  schistose  area  of 
width  and  extent  unusual  for  Colorado.  These  schists  and 
gneisses  are  of  pre-Cambrian  age;  but  wliether  assignal)le  to 
the  Algonkian  or  to  some  older  system  has  not  l)een  deter- 
mined. The  granite  which  occasionally  outcrops  from  beneath 
these  schists  is,  I  think,  of  true  eruptive  character,  since  its 
mode  of  occurrence  indicates  a  once  molten,  or  at  least  highly 
viscous  or  plastic,  condition.  Thus,  we  may  observe,  included 
in  its  mass,  numerous  fragments  of  schist,  almost  like  a  coarse, 
volcanic  breccia.  Again,  at  its  immediate  contact  with  the 
schists,  which  often  stand  vertically  u}>on  it,  the  pediments  of 
the  latter  are  fused  into  the  granite,  and  granite  tongues  and 
veins  run  up  amongst  the  schists,  as  only  a  molten  or  viscous 
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body  could  do.  The  impression  I  derived  was  that  the  schists 
had  been,  so  to  speak,  floated  up  on  an  underlying  molten  or 
s-^mi-molten  sea  of  granite.  The  granite  in  question  is  seme- 
mes a  coarse,  red  granite,  sometimes  a  rather  homogeneous, 
tv'cn-grained,  gray  granite,  well  adapted  for  building  purposes, 
and,  in  fact,  selected  at  Aberdeen  quarry  as  the  stone  for 
building  the  Denver  Capitol.  Occasionally,  but  rarely,  it  is 
traversed  by  fine-grained  veins  of  a  red  pegmatitic  granite,  not 
unlike  the  tine-grained  eruptive  granite  of  Cripple  Creek  and 
Pike's  Peak. 

The  schists  are  commonly  of  dark  color,  carrying  more 
hornblende  than  mica.  Sometimes,  especially  in  the  Yulcan 
mine  region,  they  are  composed  of  a  silvery  white  mica,  form- 
ing what  are  known  as  sericite  schists.  Where,  by  some  meta- 
morphic  action,  the  sericites  are  reduced  to  a  very  light  tint, 
the  schists  assume  a  beautiful  silky  texture  and  color,  remind- 
ing one  of  a  white  asbestos.  These  are  locally  called  "  silver 
schists "  by  the  miners,  and  are  especially  noticeable  in  the 
Yulcan  mine.  The  general  aspect  of  the  schists  is  a  greenish 
gray,  a  greenish  tint  being  often  the  result  of  alteration  of 
hornblende.  Locally  we  find  them  beautifully  veined  with 
feldspar  and  a  chalcedonic  quartz  and  jasper,  till  they  resemble 
certain  forms  of  petrified  wood.  From  a  genuine  fissile  schis- 
tose structure  the  rock  may  pass  into  a  dense  compacted  form, 
which,  perhaps,  might  more  strictly  be  called  a  gneiss.  Gen- 
eralh^,  by  the  prevalence  of  these  quartzose  veins,  both  small 
and  great,  they  suggest  the  penetrating  and  crystallizing  in- 
fluence of  heated  waters,  dissolving  and  redepositing  quartz 
in  various  forms.  Occasionally  the  veins  show  signs  of  con- 
tortion. 

Of  genuine  eruptive  rocks  we  have  occasional  dikes  of  dark 
diabase,  coming  up  through  the  schists,  with  possibly  some 
basaltic  dikes  or  dark  andesites ;  when  they  are  more  or  less 
decomposed,  it  is  diflicult  to  distinguish  them  at  sight  from 
altered,  dense  hornblendic  gneisses.  Thus  the  miner  may 
sometimes  think  he  has  a  genuine  contact-vein  between  schist 
and  an  eruptive  rock,  when  the  latter  may  only  be  a  dense  or 
altered  hornblende  gneiss. 

Resting  upon  the  eroded  edges  of  the  schists,  and  in  sections 
near  Gunnison  City,  on  nearly  horizontal  bodies  of  Dakota 
VOL.  XXVI.— 29 
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sandstone,  are  large  bodies  of  a  very  coarse  andesitic  breccia, 
composed  of  large  blocks  of  a  dark  andesite,  sometimes  more 


tban  a  yard  in   diameter,  together  with    smaller   sub-angular 
fragments,  cemented  together  loosely  by  a  sand  of  andesitic 
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elements.  These  bodies  of  breccia  are  sometimes  400  or  500 
feet  in  thickness  and  form  curious  hills  cut  into  grotesque 
forms,  such  as  the  palisades  near  Gunnison  Citv.  They  occur 
in  greatest  force  on  the  north  bank  of  the  Gunnison  river  and 
have  been  little  prospected  for  gold. 

Overlying  this  breccia,  and  apparently  next  in  order  of 
eruption,  is  a  flow  of  trachyte  or  trachytic  tuft'  of  a  porous 
character,  and  sometimes,  as  near  Cebolla,  perforated  with 
large  and  numerous  holes,  as  if  from  the  escape  of  steam, 
giving  the  rock  the  appearance  of  a  gigantic  sponge. 

Overlying  this,  again,  as  at  Cinder  Hill,  is  a  flow  of  basaltic 
or  doleritic  lava,  of  a  somewhat  recent  and  fresh  appearance, 
with  bands  of  vesicular  scoria. 

In  the  gulch  descending  from  Cinder  Hill,  near  lola  station, 
we  have  a  section  showing  the  order  and  succession  of  the 
eruptions  and  their  relation  to  one  another.     At  the  base  is : 

1.  Eruptive  granite,  containing  in  its  mass  fragments  of  schist. 

2.  Upon  this  the  schists  stand  vertically. 

3.  On  their  eroded  edges  is  a  belt  of  gently-dipping,  almost 
horizontal,  Dakota  sandstone. 

4.  On  this  a  bed  of  andesitic  breccia,  which  is 

5.  Overlain  by  a  sheet  of  trachyte. 

6.  And  this  by  vesicular  basalt. 

The  eruption  of  these  volcanics  would  appear  to  have  taken 
place  at  least  after  the  Dakota  Cretaceous  and  probably  towards 
the  Tertiary  period. 

I  must  also  mention  another  curious  feature  which  I  have 
not  noticed  elsewhere  in  Colorado,  namely,  a  body  concerning 
which  I  have  been  in  doubt  whether  to  call  it  an  eruptive  dike 
or  a  great  feldspathic  vein.  I  incline  towards  the  former  view. 
It  is  a  body  of  pink  orthoclase  feldspar,  from  50  to  100  feet  in 
width,  very  homogeneous  and  uniform  in  character  and  com- 
position, which  traverses  the  schistose  country  for  some  10  or 
12  miles  in  a  general  N.W.  and  S.E,  direction,  like  a  great  red 
pathway.  It  is  generally  composed  of  quite  large  crystals  of 
orthoclase,  which  lie  scattered  along  its  path  in  large  and  small 
fragments.  This  feldspathic  body  is  often  minutely  reticulated 
with  quartz  veinlets,  which  seem  to  be  of  secondary  origin. 
The  "  mother-dike,"  as  it  is  locally  called,  has  been  prospected 
here  and  there,  and  found  to   assay  fairly  as  low-grade  gold, 
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and  locally  to  carry  pyrite  and  some  copper.  It  is  said  (and  I 
think  the  statement  is  probable)  that  it  not  only  cuts  through 
all  veins  in  its  path,  but  also  more  or  less  faults  them.  It  is  a 
noticeable  feature  in  a  portion  of  the  region  from  Iris  to  Mineral 
Hill,  and  beyond  that  to  the  Lucky  Strike  mine ;  and  it  seems 
to  be  the  central  zone  around  which,  or  parallel  with  which, 
the  principal  ore-bearing  veins  and  ore-zones  are  congregated. 

Of  the  veins  in  this  schistose  region  some  are  doubtless 
small,  narrow,  lenticular  bodies;  others  are  large  veins  of 
quartz,  or  quartz  and  feldspar,  from  5  to  10  feet  in  width,  be- 
tween well-defined  walls,  and,  generally  speaking,  so  far  as  my 
brief  observation  goes,  lying  conformably  between  the  strata 
in  dip  and  strike.  These  veins  appear  to  be  continuous,  and 
are  traceable  for  sometimes  several  thousand  feet  in  length. 
The  shallow  developments  of  about  100  feet  below  the  surface, 
give  no  proof  as  to  their  continuity  in  depth.  It  may  be  that 
they  end  when  they  reach  the  underlying  granite,  at  a  depth 
which  varies  throughout  the  region ;  or  they  may  pass  down 
through  the  schists  into  the  granite  itself. 

In  addition  to  these  genuine  veins,  there  are  bodies  of  hard 
purple  or  blue  quartzite,  traversing  the  region  in  a  general  N". 
and  S.  direction,  apparently  for  long  distances,  and  known 
locally  as  "  blue  veins."  I  am  inclined  to  think  they  are  rather 
quartzite  members  of  the  schist-strata  than  true  quartz-veins. 
So  far  as  prospected,  they  are  of  low-grade  in  gold. 

The  quartz  of  the  regular  veins  is  a  hard  gray  quartz,  often 
looking  very  pure,  but  sometimes  impregnated  with  pyrites. 
Free  gold  is  rarely  visible.  The  average  value  of  the  veins,  as 
shown  on  the  mill-plates,  may  be  from  $20  to  $30  per  ton,  with 
occasional  larger  values.  There  are,  as  yet,  very  few  mines 
that  have  passed  beyond  the  prospecting-stage.  Among  these 
are  the  Mineral  Hill,  Old  Lot,  Lucky  Strike,  Iron  Cap,  etc. 
The  rest  are  mostly  prospect-holes. 

A  peculiar  body  of  fine-grained,  red  pegmatitic  granite  tra- 
verses the  coarser  country-granite  on  the  Carpenter  property, 
on  Goose  creek,  reminding  one  of  the  eruptive  fine-grained 
granites  of  Cripple  Creek,  This  body  has  been  cross-cut  for 
200  feet,  and  shows  pyrites  and  a  certain  amount  of  low-grade 
gold-ore.  Black  patches  occur  in  it,  as  of  decomposed  horn- 
blende. 
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From  a  scientific  point  of  view,  the  most  peculiar  and  inter- 
esting mines  of  the  district  are  the  Vulcan  and  the  Mammoth 
Chimney,  especially  as  illustrating  the  geyser  or  solfataric  origin 
of  some  mineral  veins. 

These  mines,  both  located  on  the  same  zone,  are  in  the 
western  portion  of  the  district,  in  an  area  characterized  by  seri- 
cite  schists,  whose  sharp  slab-like  outcrops  appear  on  all  sides. 

Fig.  2. 


r 


Cli  ir  iLttii-^tic  Oiitcioj)  ol  ^Llii>t'5,  J^iiuoln  Mine. 
(Vulcan  and  ^lammoth  Cliimney  in  the  Background.) 

On  Sugar  creek,  about  5  miles  east,  a  good  many  eruptive  dikes 
and  eruptive  masses  occur,  such  as  trachyte,  rhyolite,  andesite 
and  diabase ;  but  I  did  not  observe  any  striking  occurrences  of 
eruptive  rock  very  near  the  mines  in  question.  On  the  bank 
of  Camp  creek  the  snow-wliite  dumps  and  the  plant  of  the 
Vulcan  and  Mammoth  appear  about  100  feet  vertically  above 
the  bed  of  the  creek.  On  the  road  up  to  the  mines  we  cross 
the  well-defined  outcrop  which  led  to  the  discovery.  It  con- 
sists of  a  coarse  breccia  of  quartz  fragments,  both  white  and 
rusty,  or  much  honey-combed,  mingled  with  patches  of  red  and 
yellow  jasper,  all  cemented  together  by  oxide  of  iron  and  sand. 


446      SKETCH    OF    A    PORTION    OF    THE    GUNNISON    GOLD    BELT. 

The  width  of  this  rough  outcrop  was  from  5  to  10  feet.  Its 
hmit  in  length  has  not  heen  determined;  about  100  feet  or 
more,  outside  of  the  mining  work,  is  visible.  The  strike  cor- 
responds with  that  of  the  sericite-schists  inclosing  it,  \'iz., 
E.KE.  and  W.S.W. 

The  dumps  of  the  Vulcan  and  Mammoth  Chimney  appear 
at  a  distance  snow-white ;  but  when  we  approach  them  closer 
we  find  them  streaked  with  bright  sulphur-yellow,  red,  tawny 
brown  and  black.  These  colors  are  due  to  the  different  mate- 
rial encountered  at  different  depths  and  thrown  successively  on 
the  dump.  The  bulk  of  this  material,  especially  from  the 
early  workings,  is  a  fine  white  granular  quartz-sand,  like  pow- 
dered sugar  or  salt,  mingled  with  masses  of  exceedingly  light 
honey-combed,  porous,  rusty  quartz,  often  showing  concentric 
rings  of  iron-oxidation.  This  appears  to  have  been  taken  from 
the  oxidized  zone,  very  near  the  surface.  N^ext  came  large  por- 
celain-like masses  of  a  chocolate  brown  tint,  locally  called 
"  brown  obsidian,"  but  in  reality  a  brown  and  banded  opal, 
with  conchoidal  fracture.  With  these  were  duller  brown  pieces 
of  jasper,  veined  and  ribboned  at  times  with  chalcedony  and 
white  opal.  Specks  of  fire-opal  are  occasionally  met  with,  and 
also  fragments  of  a  black  flint-like  opal,  and  masses  of  cream- 
colored  opal,  profusely  mottled  with  dark  purple  or  chocolate 
spots  and  blotches.  All  these  products,  I  learn  on  good  au- 
thority, assay  quite  highly  in  gold,  especially  the  mottled 
cream-colored,  which  has  shown  assays  of  16  ounces  and  also 
$1100  to  $1700  gold  per  ton.  Assayers  think  the  gold  is  prin- 
cipally in  the  purple  spots.  The  later  deposits,  thrown  out 
from  the  deeper  portion  of  the  Vulcan,  below  100  feet,  are, 
first,  quantities  of  very  pure-looking  yellow,  granular  sulphur ; 
next  in  order  below  this  large  quantities  of  disintegrated 
white  iron  pyrites ;  and,  finally,  masses  of  solid  iron  pyrites. 

Having  cursorily  examined  the  dump,  we  descended  first 
into  the  workings  of  the  Mammoth  Chimney,  about  300  feet 
N'.W.  from  the  Vulcan  and  in  the  same  zone.  The  shaft  is  84  feet 
deep.  At  the  bottom  of  this  we  entered  a  drift  194  feet  long, 
moving  southward  towards  the  Vulcan  end-lines.  At  the  end 
of  this  main  drift  cross-cuts,  each  26  feet  long,  have  been  made 
on  either  side,  exposing  a  section  of  the  supposed  thickness  of 
the   mineralized    zone    from    wall    to   wall    of    country   rock 
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(sericite-scliist).  Down  the  center  of  the  roof,  through  the 
length  of  the  drift,  a  dark  belt  extends,  composed  of  somewhat 
loose  breccia  or  fragmentary  masses  of  dark  opal  with  blackish 
sand  on  either  side  of  it.  This  zone  may  locally  pass  into 
bodies  of  brown-banded  opal  or  cream-colored  mottled  opal  or 
into  a  brown  or  veined  jasper,  and,  in  one  place,  into  a  saccha- 
roidal  quartz,  very  much  like  maple  sugar.  This  brecciated 
and  variegated  loose  material  constitutes  the  richest  part  of  the 
ore-bearing  zone.  No  metal  of  any  kind  is  visible  in  this 
upper  portion.  On  either  side  of  this  zone,  which  may  be 
from  5  to  6  feet  in  width  (sometimes  more),  and  forming  the 
walls  of  the  drift,  is  tine,  granular,  white  quartz-sand,  easily 
gathered  by  the  hand,  yet  showing  withal  indistinct  lines  of 
former  vertical  bedding  or  lamination,  revealing  its  origin 
from  the  alteration  of  the  original  sericite-schists  in  place. 
Mingled  with  this  is  at  times  a  fine,  silvery-white  powder, 
slippery  as  a  lubricant  when  rubbed  between  the  fingers,  and 
evidently  a  relic  of  the  white  mica  of  the  original  sericite- 
schist.  These  walls  of  sand  are  at  times  streaked  with  red 
oxide  of  iron.  In  the  cross-cuts  the  sand  is  found  to  pass  into 
a  more  compact  body  of  laminated  white,  opaque,  opaline 
quartz,  reminding  one  of  novaculite,  only  not  so  hard.  From 
this  the  zone  grades  into  what  is  called  "  silver  schist,"  a  beau- 
tiful asbestos-like,  silver-white  schist,  and  from  this  into  the 
unaltered  greenish-white  mica-  or  sericite-schist  of  the  region. 

The  section  of  the  zone  shown  in  the  cross-cuts  may  be  gen- 
eralized thus :  A  central  zone  of  fracture  and  principal  min- 
eralization, composed  of  brecciated  opal,  jasper  and  black 
sand,  and,  on  either  side  of  this,  white  quartz-sand,  passing 
into  more  compact  laminated  quartz  and  that  into  white  as- 
bestos-like sericite-schist,  with  some  rusty  clay  next  to  the 
schist  country-rock. 

The  Mammoth  Chimney,  owing  to  its  shallow  depth  of  84 
feet,  had  not  yet  quite  reached  the  sulphur  and  pyrite  zone 
found  in  the  slightly  deeper  workings  of  the  adjacent  Vulcan. 
In  this  we  descended  by  shaft  100  feet  to  the  lowest  level. 
Here  much  the  same  phenomena  as  shown  in  the  Mammoth 
were  repeated,  with  the  diflterence  that,  at  this  depth  of  100 
feet,  the  walls  on  either  side  the  main  brecciated,  dark,  opa- 
line zone  were  of  yellow,  granulated  sulphur,  said  to  be  15 
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feet  thick,  to  which,  ^Yhen  a  match  is  applied,  there  is  a  bril- 
hant  lAue  illumination.  AVe  did  not  observe  any  pyrite  in  this 
sulphur  zone ;  but  in  the  cribbed  shaft  below  the  drift,  which 
was  inaccessible  to  us  at  the  time,  the  sulphur  passes  down  into 
a  quicksand  of  loose  iron  pyrites,  which  kept  pouring  in  on 
the  men  who  were  digging  and  cribbing  the  shaft. 

The  total  depth  of  the  shaft  is  125  feet,  and  for  the  last  few 
feet  the  loose  pyrite  has  changed  into  solid,  massive,  homoge- 
neous, white  pyrite. 

The  sulphur,  I  understand,  assays  well  in  gold;  the  loose 
pyrite  is  nearly  barren ;  and  the  massive  pyrite  is  of  low 
grade,  carrying  from  $4  to  §14  per  ton. 

This  mineralized  and  altered  zone  appears  to  me  to  have 
been  at  one  time  the  seat  of  solfataric  or  geyser-like  action, 
similar  to  that  at  present  in  active  operation  at  Steamboat 
Springs,  Xevada,  and  Sulphur  Bank,  California. 

The  hot  waters,  accompanied  by  steam  and  gases,  ascended 
through  a  line  of  fissure  or  weakness  in  the  schists.  This 
fissure  may  have  passed  down  through  the  zone  of  schists  into 
the  underlying  and  semi-molten  granite,  which  may  have  sup- 
plied the  heat  to  the  mineral  solutions  and  perhaps  the  silica 
of  the  opal.  The  heated  waters  dissolved  out  silica  from  the 
rocks  through  which  they  passed  and  deposited  it  in  a  gela- 
tinous condition  on  either  side  the  line  of  fissure,  formino^  the 
brecciated  opaline  zone.  This  opal  is  due  to  solutions,  not, 
like  obsidian,  to  igneous  heat  alone.  From  this  central  zone 
the  steam  and  gases  penetrating  the  adjacent  schists  decom- 
posed them  for  some  width,  leaching  them  of  their  iron  and 
setting  the  mica  and  quartz  free  as  quartz-sand  and  mica-dust, 
or,  in  a  less  disintegrated  state,  forming  compact  schistose 
quartz.  Lesser  action  may  also  have  produced  the  asbesti- 
form  silver-schist. 

The  same  waters  were  laden  with  the  elements  of  iron  py- 
rites, carrying  gold,  and  originally  may  have  reached  the 
upper  and  now  oxidized  zone  as  a  body  of  pyrite,  which,  near 
the  surface,  has  been  oxidized  into  the  porous,  honey-combed 
quartz  we  have  mentioned.  Lower  down  the  pyrite  may  have 
been  desulphurized,  leaving,  in  place  of  pyrite,  a  bed  of  sul- 
phur ;  below  that  the  bed  of  disintegrated  pyrite ;  and  finally  the 
unoxidized  pyrite-vein,  which  may  continue  to  depths  unknown. 
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The  Smuggler-Union  Mines,  Telluride,  Colorado. 

BY  J.  A.  PORTER,  DENVER,  COLO. 

(Colorado  Jleeting,  September,  1S96.) 

In  offering  some  data  relative  to  this  property,  and  the  treat- 
ment of  its  ores,  it  is  proper  to  say  that  a  purely  scientific 
article  has  not  been  attempted.  It  is  hoped,  however,  that  the 
economic  conditions  presented  may  be  of  interest  to  the  mem- 
bers of  the  Institute,  and  that  a  discussion  upon  the  concentra- 
tion of  the  ore  may  throw  some  light  upon  a  very  unsatisfactory 
part  of  the  work. 

The  Smuggler-Union  mines  are  located  at  the  head  of  the 
San  Miguel  river,  just  south  of  the  water-shed  between  Ouray 
and  Telluride.  The  latter  town,  reached  by  the  Denver  and 
Rio  Grande  railway,  is  most  picturesquely  situated,  at  an  alti- 
tude of  8500  feet,  in  a  narrow  valley,  the  lower  portion  of  which 
exposes  only  the  sedimentary  rocks.  Along  the  sides  of  the 
valley,  large  masses  of  coarse  alluvial  deposits  are  left  high 
above  the  present  channel  of  the  stream.  Although  much 
placer-work  has  been  done,  and  some  very  rich  material  has 
been  found,  the  limited  extent  of  the  isolated  tracts  has  made 
placer-mining  in  this  locality  generally  unprofitable.  The  val- 
ley terminates  two  miles  above  Telluride  in  an  amphitheater 
around  which  walls  rise  abruptly  several  thousand  feet.  Here 
the  company's  mill  is  situated,  being  reached  by  a  Bleichert 
tramway  from  the  mines  and  also  by  a  spur  of  the  Rio  Grande 
railway  from  Telluride.  At  this  point,  not  only  are  the  reddish 
sandstone  and  conglomerate  beds  exposed,  but  the  contact  be- 
tween the  conglomerate  and  the  overlying  gray  volcanic  brec- 
cia is  plainly  in  view,  even  at  a  distance  of  many  miles.  A 
marked  stratification  is  noticeable,  indicating  the  successive 
layers  of  igneous  breccia,  locally  termed  trachyte.  Throughout 
the  entire  region  this  is  the  favorite  name  among  the  miners 
for  the  rocks  composing  the  igneous  cap  of  the   San   Juan 
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country.  I  may  say  in  passing  that  the  vague  term  San  Juan, 
although  originally  more  specific,  now  seems  to  comprise  all 
that  very  high  region  which  is  situated  on  the  head-waters  of 
the  Rio  Grande,  Animas,  Dolores,  and  San  Miguel  rivers,  and 
the  Lake  fork  of  the  Gunnison.  It  covers  some  50  miles 
square,  mostly  on  the  western  slope  of  the  continental  di\dde, 
and  includes  the  prosperous  towns  of  Durango,  Silverton,  Rico, 
Telluride,  Ouray,  and  Lake  City.  In  this  area  many  hundred 
peaks  rise  to  an  elevation  of  over  13,000  feet. 

The  geology  of  the  district  near  Telluride  and  as  far  south 
as  Mount  Wilson  is  now  receiving  the  attention  of  the  United 
States  Geological  Survey,  Mr.  Whitman  Cross  and  party  having 
spent  several  months  of  the  past  summer  in  this  field-work.  In 
advance  of  the  government  report,  Mr.  Cross  has  kindly  pre- 
pared a  paper  for  the  Colorado  Scientific  Society,  which  enables 
me  to  quote  from  the  highest  authority  as  to  the  local  geology. 
I  select  from  his  very  interesting  and  exhaustive  paper  only  a 
single  page,  which  briefly  describes  the  formation  in  w^hich  the 
Smuggler  vein  occurs.  The  Sheridan  mine  referred  to  by  him 
adjoins  the  Smuggler,  and  is  one  of  the  properties  worked  by 
the  Smuggler  Company. 

''  I  have  especially  described  the  San  Miguel  conglomerate,  a  sedimentar/  de- 
posit of  much  interest,  lying  immediately  beneath  the  volcanic  rocks  of  the  region, 
and  while  containing  little  volcanic  material  among  its  pebbles,  it  is  clear  that  the 
San  Miguel  formation  belongs  to  the  general  period  which  witnessed  the  beginning 
of  the  volcanic  outburst  in  southwestern  Colorado.  The  San  Miguel  conglomerate 
forms  very  conspicuous  cliffs  on  both  sides  of  the  San  Miguel  river  above  Tellu- 
ride. Upon  it  rests  a  stratified,  and,  as  I  now  believe,  waterlaid  series  of  volcanic 
tuffs  and  breccias,  constituting  the  lower  member  of  the  volcanic  complex.  This 
bedded  formation,  consisting  almost  entirely  of  andesitic  debris,  has  a  thickness 
varying  from  a  little  more  than  1000  feet  to  somewhat  more  than  2('0i»  feet.  Its 
lower  limit  is  seen  on  the  trail  leading  up  Marshall  creek,  at  an  elevation  of  9800 
feet,  and  it  extends  to  the  level  of  the  Sheridan  mine  in  Marshall  basin  at  an  ele- 
vation of  nearly  12,000  feet.  As  the  beds  have  a  gentle  dip,  it  appears  that  the 
thickness  of  the  formation  in  this  section  cannot  be  less  than  2000  feet. 

*'  It  is  proposed  to  call  this  stratified  series  of  andesitic  tuffs  and  breccias  the  San 
Juan  formation,  as  it  clearly  plays  an  important  part  in  the  make-up  of  a  large 
portion  of  the  San  Juan  mountains.  The  texture  of  the  San  Juan  beds  varies  from 
a  thin-bedded,  fine-grained  tuff,  containing  no  large  fragments,  to  a  tuff-breccia, 
consisting  of  large  subangular  blocks  imbedded  in  a  finer-grained  matrix.  The 
proportion  of  large  fragments  varies  a  great  deal,  but  I  have  not  seen  the  forma- 
tion to  be  made  up  of  large  fragments  exclusively  at  any  point,  although  where  it 
is  indurated  in  proximity  to  some  of  the  large  diorite  stocks,  and  in  near  mineral- 
ized areas,  it  has  the  appearance  of  a  massive  breccia.     The  upper  limit  of  the 
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San  Juan  formation  may  not  be  always  clearly  definable.  In  the  mountains  about 
Marshall  basin  it  is,  however,  very  sharply  defined  by  the  appearance  of  the  first 
massive  lava-tlow  of  augite-andesite." 

The  Smiio:o:ler  vein  is  remarkable  for  its  continuitv  and  resru- 
laritj.  It  crosses  the  water-shed  of  Canon  creek,  a  tributary  of 
the  Uncompahgre,  and  Marshall  creek,  which  runs  into  the  San 
Miguel  at  Pandora,  at  an  altitude  of  13,200  feet,  at  which 
point  the  thickness  of  the  rocks  of  igneous  origin  might  be 
roughly  estimated  at  3500  feet,  since  Marshall  creek  exposes 
the  underlying  conglomerate  in  nearly  horizontal  position  at  an 
altitude  slightly  less  than  10,000  feet.  The  vein  is  plainly  visi- 
ble upon  the  surface,  where  it  crosses  the  divide,  and  cuts 
through  the  rhyolite  and  augite-andesite  down  into  the  andesite 
breccia  to  within  only  a  few  hundred  feet  above  the  conglomer- 
ate, as  it  crosses  Marshall  creek.  What  the  character  of  the 
vein  may  be  after  passing  into  the  conglomerate  and  sandstone 
is  not  yet  determined.  It  will  be  many  years  before  any  of  the 
mines  of  Marshall  basin  reach  the  horizon  of  the  conglomerate. 

The  accompanying  map,  Fig.  1,  shows  the  summit  of  the 
divide  and  proiile  of  the  vein-crop  through  the  Smuggler-Union 
property  for  a  distance  of  one  mile.  Tlie  vein  continues  south 
beyond  the  ground  indicated  on  the  map  across  the  Savage 
fork  of  the  San  Miguel,  and  is  plainly  visible  at  the  outcrop  for 
over  a  mile  farther  in  that  direction.  On  the  north  side  of  the 
divide  the  vein  is  worked  for  two  claims  (3000  feet)  in  length 
quite  extensively,  and  can  be  traced  at  intervals  on  the  surface 
for  over  two  miles.  The  total  distance  more  or  less  exposed  by 
mining  work  is  more  than  four  miles. 

The  course  throughout  the  section  indicated  on  Fig.  1  is 
about  X.  20°  W.,  and  the  dip  is  westerly  at  an  angle  of  75°. 
The  strike  throughout  the  entire  workings  is  very  uniform, 
as  will  be  seen  by  the  parallelism  of  the  levels  in  plan. 

Only  two  cross-faults  occur  in  the  entire  length  exposed  by 
underground  workings.  The  first  is  at  a  point  near  the  south 
end  of  the  property,  and  is  caused  by  a  large  quartz-vein,  the 
Pandora,  containing  gold,  but  little  or  no  silver.  It  dips  45°  to 
the  south.  The  plane  of  fault  is  nearly  at  right  angles  to  the 
course  of  the  Smuggler  vein,  and  the  movement  of  the  fault  is 
about  50  feet.     The  second  fault  of  only  a  few  feet  is  made  by 
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the  Revenue  vein,  whicli  crosses  the  Smuggler  vein  at  an  angle 
of  about  15°,  and  is  as  well-defined  as  the  latter.  This  vein 
is  now  being  developed,  and  is  very  easily  worked,  owing  to 
the  decomposed  state  of  the  ores  it  contains.  It  carries  less 
gold  and  more  lead  than  the  main  vein.  The  course  of  the 
Revenue  is  indicated  clearly  on  the  map  in  plan.  The  deep 
tunnel  follows  this  vein  for  some  distance,  as  a  matter  of  econ- 
omy in  reaching  the  shaft. 

The  Smuggler  vein  is  prol)ably  a  fault-fissure.  Both  the 
hanging-  and  the  foot-wall  show  large  polished  surfaces.  Stria- 
tion  is  very  frequent,  and  gouge-matter,  several  inches  in  thick- 
ness, occurs  in  places  upon  the  hanging-  as  well  as  the  foot-wall. 
Yet,  although  this  is  largely  the  case,  long  distances  occur 
where  the  quartz,  which  almost  exclusively  forms  the  filling  of 
the  vein,  shows  no  parting  whatever  from  the  country-rock.  To 
use  a  miner's  expression,  it  is  frozen  to  the  walls. 

The  average  thickness  of  the  vein  is  about  5  feet,  seldom 
narrowing  to  less  than  2  feet,  and  rarely  widening  to  as  much 
as  ten.  Enclosures  of  country-rock  are  frequent,  sometimes  as 
fragments,  and  more  frequently  in  continuous  masses  between 
bands  of  the  lode.  Cavities  are  rare ;  and  no  such  structure 
occurs  as  is  seen  in  some  veins  where  corresponding  minerals 
are  found  at  each  wall,  and  others  succeed  in  comformable  layers 
towards  the  center.  In  the  Mendota  claim,  a  mass  of  andesite 
several  hundred  feet  in  length  and  30  or  40  feet  in  thickness 
divides  the  vein ;  or,  as  usually  expressed,  the  lode  forks  and 
comes  together  again  in  several  hundred  feet.  This  is  the  only 
point  in  the  workings  where  such  an  occurrence  is  met  with,  ex- 
cept on  an  exceedingly  small  scale,  when  a  stringer  leaves  the 
vein  for  a  few  feet  only.  Associated  with  quartz,  rhodochrosite 
occurs  in  places  and  imparts  a  pinkish  color  to  certain  bands  in 
the  vein,  which  are  sometimes  nearly  a  foot  in  thickness  and 
very  regular  fi)r  many  yards.  "When  this  mineral  is  present  in 
sufficient  quantity  to  color  the  vein,  that  portion  is  seldom  rich 
in  the  precious  metals.  Very  small  quantities  of  calcite,  brown- 
spar'  and  heavy  spar  also  occur. 

To  give  an  idea  of  the  chemical  composition  of  the  gangue,  I 
would  call  attention  to  the  accompanying  analysis  made  from  a 
monthly  sample  of  the  material  going  to  the  mill.    This  is  only 
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to  indicate  the  gangue-matter,  and  shows  how  completely  quartz 
predominates.  The  appended  analysis  of  the  concentrates, 
which  still  contains  nearly  one-half  gangue,  is  intended  to  give 
some  idea  of  the  constitution  of  the  ore. 


Au, 
Ag, 


Battery  Sample,  April. 

Assay. 


Oz.  per  ton. 

0.53 

13.10 


Analysis. 


Insoluble, 
AI2O3  in  insol., 
SiO„        . 
Total  Fe, 
Fe  as  FcjOj, 
Mn, 

Total  Al  A, 

CaO, 

Mg, 

Zn, 

Pb, 

Cu, 

S,     ._      . 

Alkalies  undetermined. 


Per  cent. 

80.26 
8.o2 

70.42 
5.20 
2.55 
0.81 
9.94 
1.98 
0.28 
1.02 
0.66 
0.06 
3.77 


Probably 

Combined  as 

SiO,,          .         .         .          70.42 

FeS,, 

5.57 

Fe,0, 

3.64 

MnCOa 

1.69 

AlA, 

9.94 

CaCOs, 

3.54 

MgCOj     . 

0.98 

ZnS, 

1.52 

PbS, 

0.76 

Cu,S,Fe.^ 

3 

0.17 

98.23 


Screen- A  nalysis. 


Mesh. 
On  20, 
40, 
"  60, 
"  80, 
"       100, 


"       120, 
"      150, 
Over  150, 
KoTE. — No  tellurium  or  antimony  was  found 


Per  cent. 

0.02 

18.17 

18.93 

9.40 

4.93 

4.96 

9.04 

34.55 


Au. 
Oz.  per  ton. 

0.25 
0.66 
0.83 
1.20 
0.93 
1.13 
0.51 


Ag. 
Oz.  per  ton. 

7.68 

8.33 
J  0.17 
10.90 
11.07 
13.53 
19.64 


Concentrates,  Ajml. — Lots  J 97  to  259. 

Assay. 


Au, 

Ag, 


Oz.  per  ton. 

2.78 

50.43 
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Analysia. 


Insoluble, 

46.26 

Probably 

AljOs  in  insol. , 

4.84 

Combined  as 

SiO^, 

39.92 

SiO,, 

39.92 

Total  Fe, 

15.85 

FeS,, 

26.89 

Fe  as  Fe.Oa,     . 

3.15 

Fe,0„       .         . 

4.50 

Mn, 

1.68 

MnCOa,     . 

3.51 

Al,03,      .         . 

6.20 

AiA,     •       • 

6.20 

CaO, 

2.51 

CaCO„ 

4.48 

Mg,          .         . 

0.65 

MgC03     .        . 

2.27 

Ba, 

0.00 

Zn, 

3.93 

Pb,          .         . 

3.26 

ZnS, 

5.94 

Cu,           .        .         . 

0.18 

PbS, 

3.76 

As, 

0.34 

Cu2S,Fe,S3 

0.51 

Sb, 

0.(10 

As? 

0.34 

s,          .       .       . 

16.82 



Alkalies  undetermii 

led. 

98.32 

Sireen-Analyds. 
Eegular  sample  before  grinding  of  Co.  lot  339.     Car  No.  1884. 


All. 

Ag. 

Me.'-h.                                                                  Per  cent. 

Oz.  per  ton 

Oz.  per  ton 

On       20, 0.18 

"         40, 

9.53 

2.13 

24.53 

"         60, 

6.95 

4.35 

41.90 

"        80, 

4.83 

5.66 

44.17 

"       100, 

3.35 

5.06 

44.27 

"       120, 

5.34 

3.53 

41.80 

"       150, 

9.90 

2.53 

40.80 

Over  150, 

59.92 

1.26 

61.07 

Assay-Sample,  Lot  339. 

Oz.  per  ton. 

An, 

2.40 

Ag, 

. 

. 

51.72 

I  am  indebted  to  Mr.  F.  Roeser,  Chemist  of  the  Omaha  and 
Grant  Smelting  Works  at  Durango,  for  the  above  analyses. 

The  minerals  occurring  are  pyrite,  chalcopyrite,  galenite, 
sphalerite  and  the  arsenical  silver-minerals.  Proustite  and 
polybasite  have  been  determined,  and  probably  nearly  all  of  the 
arsenical  silver-minerals  occur.  No  specimens  of  tetrahedrite 
have  been  recognized.  Metallic  silver  is  very  rarely  encoun- 
tered. Metallic  gold  is  more  frequent,  although  unusual.  The 
remarkable  feature  of  the  vein  is  the  regular  and  continuous 
distribution  of  the  ore,  which  generally  lies  near  the  foot-wall. 
The  usual  occurrence  is  a  few  inches  of  richer  ore  (so-called 
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"  shipping-ore  ")  Jind  a  foot  or  two  of  banded  structure,  more 
available  for  concentrating,  which  goes  to  the  mill.  So  con- 
stant is  the  occurrence  that  over  a  mile  has  been  worked  along 
the  vein  on  various  levels  without  meeting  any  part  where  the 
ore  is  not  present  in  sufficient  quantity  for  continuous  stoping. 
One  remarkable  feature  is  the  constant  increase  of  ffold-value 
toward  the  south,  throughout  the  entire  workings,  and  the  cor- 
responding decrease  in  silver-value  in  same  direction.  Where 
the  vein  crosses  the  divide,  at  the  extreme  north  end  of  the 
property,  the  gold-value  is  hardly  one-quarter  that  of  the  silver. 
The  transition  from  silver  to  gold  is  almost  constant,  until,  a 
mile  south,  the  vein  practically  becomes  a  gold-lode.  This 
change  does  not  correspond  to  depth  gained  by  slope  of  moun- 
tain toward  the  south  end  of  the  property ;  for  on  the  north 
side,  at  a  corresponding  altitude,  the  vein  contains  gold  to  the 
extent  of  only  a  few  per  cent,  of  its  total  value. 

Fig.  2  exhibits  the  underground  workings  in  section  on  the 
plane  of  the  vein.  The  shaded  portions  have  been  stoped  out. 
Dotted  lines  indicate  the  projected  continuation  of  the  Bullion 
tunnel. 

The  levels  on  the  vein  have  been  run  heretofore  100  feet  apart, 
and  are  timbered  with  stulls,  upon  which  lagging,  to  support 
the  waste  produced  in  stoping,  is  placed.  The  stull-timbers  are 
set  into  foot-  and  hanging-wall  at  right-angles  to  the  dip,  and 
are  about  14  feet  long  and  as  many  inches  in  diameter.  The 
work  of  exploitation  is  carried  on  by  stripping  in  country-rock 
on  the  hanging-wall  to  some  7  feet  in  height,  and  then  shooting 
down  the  vein  in  mass,  to  be  broken  and  passed  into  chutes 
with  little  or  no  sorting. 

An  important  change  has  recently  been  introduced  in  the 
construction  of  these  chutes,  which  has  made  it  possible  to  use 
them  in  spite  of  the  passage  of  heavy  and  sharp  rock,  until  a 
height  of  even  250  feet  has  been  attained  ;  thus  saving  the 
great  expense  of  running  and  timbering  drifts  at  every  hundred 
feet.  The  levels  will  in  future  be  200  feet  and  more  apart. 
The  change  in  construction  is  locally  a  new  departure,  and  con- 
sists in  simply  placing  the  timbers  used  in  building  of  chutes 
(mills)  so  that  the  end  will  be  cut  into,  instead  of  the  sides, 
which  are  soon  cut  out.  The  old  "  mills  "  were  built  like  a 
log-house ;  the  ncAv  are  constructed  of  short  mill-timbers,  and 
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for  the  first  hundred  feet  are  built  with  ends  presented  to  the 
falling  rock. 

From  the  chutes  ore  is  hauled  by  mules  to  the  shaft,  in  cars 
containing  about  1  ton  each.  From  the  collar  of  the  shaft, 
which  starts  on  the  third  level,  the  distance  down  to  the  tunnel 
is  700  feet;  and  all  ore  is  lowered  to  that  level.  From  the  bot- 
tom of  the  shaft  a  train  of  twelve  cars  is  hauled  to  the  sorting- 
house  at  the  head  of  the  tramway.  A  very  rough  hand-sorting 
here  takes  place  while  the  ore  is  being  filled  out  of  the  chutes 
over  aprons  into  cars,  which  load  into  tram-bins.  About  10 
to  15  per  cent,  of  high-grade  ore  is  thus  selected  for  shipping, 
and  goes  over  the  tram  direct  to  the  railroad  and  then  to  the 
smelter. 

From  the  sorting-house  the  lower-grade  ore  is  transported 
over  a  Bleichert  tramway,  at  a  cost  of  about  25  cents  per  ton, 
to  the  mill.  The  tramway  is  1  mile  in  lenglh ;  the  alignment 
being  straight  and  the  inclination  about  20°.  Fourteen  towers 
support  the  standing  cable,  the  longest  span  of  which  is  1200 
feet.  The  traction-cable  is  |-inch  and  the  standing-cable  If 
inches  in  diameter.  The  buckets  used  are  38  in  number  and 
contain  500  pounds  each.  The  monthly  capacity  of  the  mill  is 
5000  tons;  and  this  amount  the  tramway  delivers  in  ten  hours 
daily,  which  is  far  above  the  guaranty  of  the  makers.  The 
total  cost  of  the  wire  tramway  was  $30,000.  It  is  only  fair  to 
say  that  it  has  given  the  greatest  satisfaction,  and  cannot  be  too 
highly  recommended  for  the  transportation  of  ore,  particularly 
in  mountain  regions,  where  other  means  are  difficult  and  ex- 
pensive. 

Upon  arrival  at  the  mill,  the  ore  is  broken  to  a  suitable  size 
through  a  Blake  crusher,  and  is  thence  carried  by  automatic 
feeder  to  stamps,  which  crush  to  14-mesh.  This  entire  product 
is  passed  over  Triumph  and  Frue  tables,  producing  about  15 
per  cent,  of  concentrates,  which  contain  an  excess  of  silica,  as 
the  analysis  already  given  shows. 

No  farther  method  of  concentration  is  used,  except  that  a 
rough  sizing  of  the  tailings  from  the  vanners  is  made;  the 
coarser  part,  which  will  not  pass  through  a  40-mesh  screen,  be- 
ing reground  in  a  Huntington  mill,  and  then  retreated  on  a 
second  series  of  vanners.  A  detailed  description  of  the  mill 
would  be  uninteresting.     The  stamps  and  mortars  used  are  of 
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similar  construction  to  those  in  general  use  for  gold-milling  on 
the  Pacific  coast.  The  stamps  are  800  pounds  in  weight,  and 
drop  8  inches,  with  95  drops  to  the  minute.  The  50  stamps 
crush  150  tons  daily. 

The  ahove  seems  to  he  a  very  crude  process  of  concentration  ; 
and  the  resulting  loss  is  startling,  heing  nearly  20  per  cent,  of 
the  gold  and  fully  40  per  cent,  of  the  silver  contained.  The 
average  contents  of  the  milling-ore  for  the  past  year  has  heen 
slightly  over  |-ounce  gold  and  12  ounces  silver  per  ton.  The 
minerals  associated  with  the  precious  metals  are  so  dissemina- 
ted in  the  gangue  that,  unless  very  fine  crushing  is  resorted  to, 
little  concentrating  material  is  liherated.  Preliminary  experi- 
ments have  been  made  with  a  view  to  reducing  the  ore  to 
proper  size  by  rolls,  thus  avoiding  an  excessive  quantity  of 
finely  divided  material.  (See  ecreen-analysis  given  above.)  A 
crushing  to  wheat-size  permitted  a  concentration  in  jigs,  show- 
ing very  rich  headings ;  but  even  with  crushing  to  this  size, 
only  a  small  percentage  of  the  precious  metals  wa-s  obtained  by 
jigs.  It  was  found  necessary  to  recrush  the  resulting  tailings 
and  middlings  very  fine,  in  order  to  liberate  the  minutest  par- 
ticles of  ore  contained.  Hence  from  an  economic  point  of  view, 
it  has  not  seemed  advisable  to  introduce  rolls  and  jigs,  in  con- 
nection with  stamps,  to  effect  so  small  an  additional  saving. 

During  the  past  few  years,  transportation  by  pack-train  has 
given  place  to  the  tramway,  thus  saving  many  dollars  per  ton. 
The  ore  is  delivered  from  the  mouth  of  the  tunnel,  opened  far 
below  the  deepest  working.  Operations  in  the  mines  arc  con- 
ducted on  a  large  and  economical  scale ;  but  the  startling  loss 
by  concentration  still  goes  on,  and  over  80  per  cent  of  the 
precious  metals  goes  daily  down  the  San  Miguel  river.  ISTo  im- 
portant progress  is  being  made  in  this  direction,  to  correspond 
with  the  great  saving  eft'ected  in  other  brajiches  of  the  business. 
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Faulting  and  Accompanying  Features  Observed  in  Glacial 
Gravel  and  Sand  in  Southern  Michigan. 

BY  CARL  HENRICH,  NOBLE,    ILL. 

(Colorado  Meeting,  September,  189C.) 

In  the  winter  of  1895  to  1896,  during  the  construction  of  the 
Jackson  and  Cincinnati  railroad,  running  from  Addison,  Lena- 
wee county,  Mich.,  to  Jackson,  Mich.,  in  a  northerly  direction, 
I  had  occasion  to  observe  some  interesting  geological  features, 
described  below,  in  a  cut  of  this  railroad  made  through  the  low 
ridge  of  gravel  and  sand,  dividing  the  valley  of  Silver  Lake 
and  Silver  Creek  from  the  Goose  Lake  and  Goose  Creek  valley, 
in  Lenawee  county. 

The  surface-deposits  of  this  part  of  the  county  are,  as  is  well 
known,  of  glacial  origin.  Gently  rounded,  long  ridges  of  sand, 
gravel  and  clay  intervene  between  the  marshy  bottoms  and  the 
lakes  of  the  valleys.  The  nature  of  the  deposits,  varying  from 
a  sandy  clay  or  clayey  sand  to  fine  and  coarse  gravel  and  pure 
siliceous  sand  on  the  one  hand,  and  to  a  very  tough,  fine,  uni- 
form and  often  indurated  clay  on  the  other,  as  well  as  the  ir- 
regular and  sudden  changes,  sharply  divided,  between  these 
materials  composing  the  ridges,  in  the  cuts  made  through  them 
by  the  railroad,  would  admit  of  no  doubt  that  this  country 
owes  its  present  surface-configuration  primarily  to  the  action  of 
the  last  glacial  period,  which  covered  its  surface  with  an  im- 
mense ice-sheet.  The  well-known  ice-markings  on  the  huge 
granite,  schist,  greenstone  and  conglomerate  boulders  found 
everywhere  imbedded  and  protruding  from  the  surface,  add 
their  testimony  to  the  other  characteristics  mentioned. 

Most  of  the  cuts  made  by  the  railway  through  the  ridges 
showed  in  a  marked  degree  the  irregular  arrangement  and  the 
sudden  changes  of  and  between  the  materials  mentioned 
above. 

One  cut,  however,  known  as  Kelly's  cut,  or  Kell3''s  gravel- 
pit,  about  4|  miles  north  of  Addison,  and  about  IJ  miles  south 
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of  Kelly's  Corners,  exhibited  an  almost  horizontal  arrangement 
of  layers  of  finer  or  coarser  gravel,  alternating  Avith  layers  of 
fine,  siliceous  sand.  This  regular  horizontal  division  or  strati- 
fication of  the  materials  would  in  itself  have  been  remarkable, 
as  it  formed  a  notable  exception  to  the  irregular  arrangement 
of  the  various  materials  composing  the  ridges,  exhibited  liy  the 
cuts  of  the  railway  farther  south.  But  still  more  remarkable 
appeared  a  regular  and  well-defined  system  of  fissures,  which, 
under  angles  of  approximately  60°  to  70°  from  the  horizontal, 
and  in  two  or  three  directions,  traversed  the  horizontally  strati- 
fied sand-  and  gravel-layers,  and  everywhere  faulted  these  lay- 
ers. There  are  two  well-defined  systems  of  these  parallel 
fault-planes,  which  intersect  each  other,  probably  under  an  an- 
gle of  about  60°  in  the  horizontal  plane. 

The  alternating  deposits  of  gravel  and  fine  sand  in  horizontal 
layers  bring  out  in  a  very  marked  manner  the  vertical  throws 
caused  by  these  faults.  These  parallel  fault.planes  are  from  5 
to  12  feet  apart;  and  I  was  unable  to  find  a  single  one  which 
did  not  show  a  very  marked  throw,  of  certainly  not  less  than  7 
inches,  of  the  gravel-  and  sand-layers  on  either  side.  The  mul- 
titude of  the  fault-planes ;  the  presence  of  at  least  two,  and 
probably  three,  systems  of  them,  intersecting  each  other  not 
only  horizontally,  but  also  vertically  ;  the  comparative  thinness 
and  frequent  alternation  of  the  sand-  and  gravel-layers,  and  the 
uniform  color  and  similarity  of  the  various  sand-layers  rendered 
it  impracticable  to  measure  precisely  the  actual  throw  caused 
by  each  fault-plane ;  but  it  may  be  positively  stated  that  in  no 
case  was  any  throw  observed  which  would  be  less  than  7  inches 

vertically. 

Besides  throwing  and  faulting  the  layers  of  sand  and  gravel, 
these  systems  of  intersecting  fissures  were  further  characterized 
and  brought  out  prominently  by  carrying,  if  not  being  actually 
tilled  with,  nodules  and  ramifying  tubules.  Each  of  these  con- 
tained a  central  cavity,  around  which  a  whitish  powdery  sub- 
stance gradually  but  quickly  passed  into  a  reddish,  ferruginous, 
cemented  outer  shell.  The  siliceous  sand  seemed  to  have  been 
decomposed  and  powdered  by  the  moisture  or  solution  evidently 
circulating  at  times  through  the  central  cavity.  The  occurrence 
of  these  nodules  and  ramifying  tubules  recalled  very  vividly  the 
characteristics   and  descriptions   of  the  '^  Loesskindchen;'   ahd 
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tlieir  disposition  to  form  in  apparent  bedding-planes  (in  this 
case  replaced  by  undoubted  fault^planes). 

The  question  arises :  Is  the  water  circulation,  which  exists 
undoubtedly  at  times  in  this  system  of  fault-fissures,  and  which 
formed  or  forms  these  nodules  and  tubules,  an  ascending,  or  a 
descending  one  ?  While  I  was  not  in  a  position  to  make  any 
chemical  analysis  of  the  constituent  parts  of  these  tubules,  I 
judged  from  the   evident  decomposition  of  the  powdered  rem- 

Fig.  I. 


Section  of  Kelly's  Sand  and  Gravel  Cut. 
R  R,  railroad.  a  a,  sand.  6  b,  gravel. 

nants  of  siliceous  sand  in  the  interior  of  the  nodules,  and  the 
probable  calcareous  and  ferruginous  character  of  the  cementing 
material  of  the  outer  shell,  which  binds  the  sand  grains  together 
into  the  tubule,  that  the  water  or  solution  which  must  be  con- 
sidered as  the  forming  cause  of  these  tubes,  most  likely  came 
from  below,  where  the  underlying  Permo-carboniferous  or  De- 
vonian rocks  of  this  region  'might  supply  the  Hme  and  iron 
which  the  rain-water  percolating  tli rough  a  foot  or  two  of  the 
overlying  soil  would  hardly  be  liable  to  bring  with  it,  for  the 
formation  of  these  tubules  filling  nearly  the  whole  extent  of  all 
these  numerous  fault-fissures. 
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The  accompanying  figure,  from  a  sketch  made  by  me  in 
April,  189G,  shows  the  appearance  of  the  fault-systems  on  the 
east  side  of  the  cut. 

The  sand  and  gravel  composing  the  ridge  is  overlain  by  a 
sandy;  clayey  loam  of  reddish  color  and  variable  thickness.  It 
is  on  an  average  probably  about  2  feet  thick,  but  at  the  out- 
crops of  the  fault-fissures,  and  especially  where  the  intersection 
of  two  fissures  happens  to  come  to  or  near  the  surface,  the  de- 
composition of  the  sand  and  gravel  into  loam  reaches  in  places 
a  depth  or  thickness  of  4  and  5  feet,  widening  the  fissures  at 
their  apexes. 

The  question  naturally  arises :  What  caused  these  extensive 
and  well-developed  systems  of  fault-fissures  in  the  loose  mate- 
rial, not  yet  solidified  or  cemented  into  rock,  and  never  over- 
lain by  any  considerable  thickness  of  other  material  from  the 
time  of  its  original  deposition  in  the  glacial  epoch  to  the  pre- 
sent day  ? 

The  explanation  of  the  cause  of  these  systems  of  fault-fis- 
sures, which  occurred  to  me  as  the  most  plausible,  is  that  the 
two  masses  of  ice,  or  glaciers,  which  in  converging  directions 
scooped  out  the  valleys  of  Silver  Creek  and  of  Goose  Creek, 
exerted  from  both  sides  on  the  intervening  ridge  of  sand 
and  gravel  a  lateral  pressure  nearly  horizontal,  or  possibly 
slightly  downwards  towards  the  axis  of  the  ridge  from  both 
flanks.  This  horizontal  (or  nearly  horizontal)  pressure  from 
both  sides,  exerted  on  the  stratified  sand-  and  gravel-layers  of 
the  ridge  (which  at  the  same  time  may  have  been  covered  by 
a  thinner  sheet  of  ice),  may  have  resulted  in  the  development 
of  these  intersecting  systems  of  parallel  fault-fissures,  their 
angle  of  intersection  being  approximately  the  same  as  the  angle 
of  intersection  of  the  two  glaciers  exerting  the  pressure. 

This  occurrence  illustrates,  further,  that  the  systems  of  fault- 
fissures  which  we  find  in  stratified  rocks  may  have  been  formed, 
and  even  the  vein  materials  filling  such  fissures  may  have  been 
deposited,  before  the  materials  forming  these  stratified  rocks  had 
been  really  solidified  or  cemented  into  rock,  and  before  these 
rocks  were  overlaid  by  other  rock-forming  sediments.  It  sug- 
gests, also,  a  very  natural  explanation  of  a  hitherto  puzzling 
phenomenon,  where  a  faulted  stratified  rock  or  series  of  such 
faulted  strata  of  rocks  are  found  between  non-faulted  masses  or 
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strata.  Moreover,  it  would  furnish  a  natural  explanation  of  the 
occurrence  in  certain  stratilied  rocks  of  veins  or  systems  of 
veins  and  veinlets  (often  intersecting  and  called  "  stockwerks  ") 
which  cut  off  sharply  at  the  underlying  or  overlying  rock-con- 
tact, or  at  both.  In  fact,  it  occurred  to  me  that  this  Simple 
occurrence,  accidentally  observed,  might  be  useful  in  explain- 
ing some  hitherto  puzzling  problems  in  faulting  and  in  ore 
deposits. 

The  cut  is  still  in  existence,  and  liable  to  remain  in  evidence 
for  considerable  time.  I  should  have  liked  to  get  a  good  pho- 
tographic picture  of  the  east  side  of  the  cut  shortly  after  its 
steep  slope  had  been  excavated,  and  when  the  strong  prevail- 
ing winds,  combined  with  dry  weather,  had  brought  out  all  the 
features  described  above  in  a  clearer  and  better  way  than  the 
cut  will  be  likely  to  exhibit,  now  that  the  leveling  and  obliterat- 
ing agencies  of  rain  and  the  forming  of  the  natural  permanent 
slope  have  had  time  to  destroy  most  of  the  then  strikingly 
clear  characteristics  of  the  occurrence.  Still,  the  place  will  be 
always  accessible  for  the  verification  of  these  features  by  any 
subsequent  investigator. 


Further  Notes  on  the  Alabama  and  Georgia  Gold-Fields. 

BY   WILLIAM   M.    BREWER,    ATLANTA,    GA. 

(Colorado  Meeting,  September,  1896.) 

Since  writing  the  paper  on  this  subject,*  which  was  pre- 
sented at  the  Atlanta  meeting  in  October,  1895,  I  have  had 
opportunity  for  more  thorough  investigations  in  several  locali- 
ties, and  venture,  therefore,  to  offer  some  additional  facts  and 
opinions. 

The  literature  of  the  subject  is  not  very  abundant.  Dr. 
George  F.  Becker's  "  Reconnaissance  of  the  Gold-Fields  of  the 
Southern  Appalachians  "f  contains  some  brief  notes  relating  to 
Georgia,  but  does  not  include  Alabama.  The  paper  of  Messrs. 
Nitze  and  Wilkens  on  "  Gold-Mining  in  the  Southern  Appala- 

*  Trans.,  xxv.,  569. 

t   U.  S.  Geological  Survey,  Sixteenth  Ann.  Rep.,  Part  III.,  page  2ol. 
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chian  States,"*  presented  at  the  Atlanta  meeting,  refers  briefly 
to  occurrences  of  gold-bearing  ore  in  these  two  States.  Two 
bulletins  have  been  issued,  in  1892  and  1896,  by  the  Alabama 
Geological  Survey,  in  which  every  known  occurrence  of  gold- 
bearing  ore  in  that  State  is  briefly  described,  and  the  results  of 
microscopic  examination  of  the  rocks  of  the  gold  region  are 
given.  The  foregoing  publications,  together  with  letters  prifited 
from  time  to  time  in  the  Engineering  and  3Iining  Journal^  com- 
prise nearly  all  the  reliable  information  hitherto  published  con- 
cerning these  gold-fields. 

Investigations  made  during  the  winter  and  spring  of  1896, 
in  both  Georgia  and  Alabama,  lead  me  to  believe  that,  so  far  as 
shallow  prospecting  is  concerned,  the  gold-fields  have  been  thor- 
oughly explored.  I  doubt  whether  many  new  discoveries  re- 
main to  be  made.  But  further  development  of  those  already 
known  may  demonstrate  in  many  instances  a  value  not  now 
clearly  evident. 

Our  knowledge  of  the  country-rocks  inclosing  the  auriferous 
bodies  has  been  greatly  increased  by  the  w^ork  of  the  State 
geological  surveys.  The  microscope  has  shown  that  in  both 
Georgia  and  Alabama  the  igneous  or  eruptive  rocks  are  much 
more  abundant  than  was  formerly  supposed.  In  Alabama, 
however,  the  gold  is  not  as  closely  associated  with  these  rocks 
as  in  Georgia.  On  the  contrary,  the  Alabama  gold-bearing  ores 
and  gravels  are  more  numerous  in  the  belts  of  semi-crystalline 
slates  than  in  the  fully  crystalline  schists.  Yet  the  richest 
"  saprolite  "-diggingsf  in  the  State  are  in  a  belt  of  diorite, 
closely  associated  with  a  green  schist,  locally  known  as  the 
Millerville,  Iwana  or  Hillabee  green  schist,  which,  as  indicated 
by  microscopic  examination,  is  probably  an  altered  eruptive.  A 
belt  of  this  schist  forms  the  northwestern  border  of  the  fully 
crystalline  schists,  and  is  continuous  across  nearly  the  whole 
section  of  the  Alabama  gold-region. 

In  the  immediate  vicinity  of  Arbacoochee,  where  from  forty 
to  fifty  years  ago  most  of  the  Alabama  placer-gold  was  pro- 
duced, extensive,  though  shallow,  prospecting  has  been  carried 
on  during  the  past  year.  On  a  tract  of  200  acres,  embracing 
low  ground  traversed  by  two  or  three  small  creeks,  an  attempt 


*  Trans.,  xxv.,  661.  f  ^^-  Becker's  nomenclature. 
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at  hydraulic  mining  was  made  last  spring.  Two  serious  ob- 
stacles to  this  method  were  encountered  :  the  lack  of  dumping- 
ground  and  the  small  available  supply  of  water.  To  overcome 
the  first  the  Crandall  elevator*  was  employed  to  handle  the 
tailings.  The  lack  of  quantity  and  pressure  of  water  was  not 
so  easily  remedied,  and  I  am  informed  that  this  was  the  reason 
for  "the  suspension  of  the  work,  which  occurred  before  the 
actual  value  of  the  diggings  had  been  ascertained  by  it.  Pros- 
pecting-pits,  however,  had  indicated  that,  although  the  ground 
had  been  worked  half  a  century  ago  with  sluice-boxes,  rockers 
and  long-toms,  there  remained  enough  gold  to  repay  hydraulic 
mining  if  sufficient  amount  and  pressure  of  water  could  be 
obtained  for  removing  the  overlying  earth. 

•  But  the  prospecting  in  this  locality  which  was  most  interest- 
ing to  me  was  carried  on  in  search  of  ore-bodies.  From  time 
to  time  pockets  or  kidneys  of  very  rich  quartz  were  discovered, 
the  specimens  often  showing  native  gold  in  crystals  from  the 
size  of  wheat-grains  up  to,  and  even  beyond,  that  of  cherry- 
stones. But  these  deposits  were  so  irregular  in  respect  of  con- 
tinuity on  the  line  of  the  strike  as  to  indicate  the  probability 
that  mining  would  prove  expensive  and  unprofitable.  Those 
which  have  been  exposed  in  the  surface-pits  are  good  examples 
of  the  "lenticular  stringers"  described  by  Dr.  Becker,  and 
called  by  him  "  linked  veins."  The  discovery  in  1895  of  one 
of  these  rich  pockets  led  to  the  active  prospecting  which  is  still 
in  progress,  and  the  result  of  which,  as  depth  is  attained,  can- 
not be  inferred  from  the  present  exposure.  It  is  a  general 
characteristic  of  this  formation  in  Georgia  and  Alabama  that 
the  "  linked  veins  "  are  narrow,  rarely  exceeding  18  or  20  inches 
in  thickness.  This  is  also  noticeable  in  the  ore-bodies  of  the 
semi-crystalline  slate  extending  across  the  Alabama  gold-re- 
gion, and,  as  already  observed,  bounding  the  crystalline  schists 
on  the  northwest. 

Whether  any  of  these  deposits  can  be  mined  with  profit  on 
a  commercial  scale  has  not  yet  been  settled  by  actual  experi- 
ence. In  my  judgment  there  is  a  much  better  chance  of  suc- 
cess in  mining  the  more  extensive  bodies  of  lower  grade  which 
are  found  paralleling  these  formations  to  the  southeast. 

*  See  Mr.  Crandall's  paper,  "The  Hydraulic  Elevator  at  the  Chestatee  Mine, 
Georgia,"  page  62  of  the  present  volume. 
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The  green  schists  are  described  at  some  lengtli  by  Dr.  Eugene 
A.  Smith,  State  Geologist  of  Ahibama,  in  a  bulletin,  recently 
published,  on  the  upper  gold-belt.  The  peculiar  structure  and 
other  characteristics  of  these  schists  have  rendered  them  highly 
interesting  to  all  geologists  who  have  examined  the  crystalline 
area.     With  regard  to  the  outcrop  in  Alabama,  Dr.  Smith  says  : 

"It  may  be  followed  practically  without  interruption,  but  with  somewhat  vary- 
ing width  of  outcrop,  from  Ciiilton  county  through  Coosa,  where  it  underlies  a 
tolerably  wide  expanse  of  country  about  Stewartsville  and  Iwana  ;  thence  through 
Clay,  about  IloUins,  Pine  Grove,  Mountain  Meadow,  Brownsville,  Millerville  or 
Hillabee,  Coleta,  Chandler's  Springs,  Fish  Head  Valley,  and  on  through  Cle- 
burne, by  Chulafinnee,  Arbacoochee,  Anna  Howe,  etc." 

In  the  same  report,  Dr.  Smith  says  that  microscopic  exami- 
nation has  shown  these  rocks  to  be  composed  in  the  main  of 
actinolite,  epidote  and  chlorite,  with  some  quartz,  and  that  they 
have  been  designated  by  Dr.  Clements  and  Mr.  Brooks,  who 
made  the  examinations,  as  chlorite-epidote  schists,  actinolite- 
epidote  schists,  or  chlorite-schists,  according  to  the  predominant 
constituents.  In  general,  they  have  been  altered  to  such  a  de- 
gree that  it  is  difficult  to  determine  the  original  rock  from 
which  they  have  been  derived ;  but  all  experts  agree  in  believ- 
ing this  to  have  been  a  basic  eruptive. 

According  to  my  observation,  the  ore-bodies  of  greatest  ex- 
tent, though  of  low  grade,  are  usually  found  connected  with  the 
mica-schist  formation,  or  with  a  garnetiferous  semi-crystalline 
slate.  It  is  principally  in  the  belts  of  these  rocks  that  the  pres- 
ent gold-mining  of  Georgia  and  Alabama  is  carried  on. 

As  regards  the  persistence  of  the  ore-bearing  veins  or  zones 
in  depth,  my  own  investigations  lead  me  to  the  opinion  that 
their  continuity  in  that  direction  will  be  generally  found  to 
obey  the  law  almost  universally  exhibited  along  the  strike  of 
the  veins,  namely,  the  interruption  of  absolute  continuity  by  the 
divisions  due  to  "lenticular-stringer"  structure.  Complete 
proof  of  this  proposition  cannot  be  furnished,  because  mine- 
workings  of  sufficient  depth  are  not  yet  sufficiently  numerous 
to  furnish  evidence  of  a  law  universal  throughout  the  forma- 
tions under  consideration.  I  can  only  say,  therefore,  that  in 
single  instances  I  have  found  the  lenticular  form  of  the  ore- 
bodies  to  be  exhibited  in  the  vertical  as  well  as  the  horizontal 
section.     In  other  words,  they  were  not  "  chimneys  "  of  lenticu- 
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lar  section,  extending  indefinitely  downward  on  a  given  pitch, 
but  more  nearly  true  lenses.  In  one  case,  at  least,  I  have  found 
that  the  two  dimensions  of  length  on  the  strike  and  length  on 
the  pitch  were  about  equal,  and  that  a  lens,  after  reaching  a 
maximum  thickness  in  its  downward  course,  gradually  dwindled 
to  very  narrow  proportions,  and  finally  gave  out  altogether. 

But  the  other  and  compensating  characteristic  shown  along 
the  strike  seems  also  to  obtain  in  the  vertical  section,  namely, 
the  disappearance  of  one  lens  is  accompanied  or  shortly  fol- 
lowed by  the  beginning  of  another,  standing  en  echelon,  within 
the  same  zone.  In  the  case  just  referred  to,  I  found  that  as 
one  lens  died  out  towards  the  foot-wall,  another  of  about  equal 
proportions  appeared  near  the  hanging-wall.  If  such  a  rule 
could  be  demonstrated  to  be  universally  applicable  to  the  south- 
ern auriferous  ore-bodies,  it  would  be  obviously  a  great  help  in 
our  mining. 

At  the  Creighton  mine  in  Georgia,  where  work  has  been  car- 
ried to  more  than  400  feet  vertical  depth,  the  above  law  has 
been  shown  to  obtain. 

In  sinking  an  incline,  80  feet  deep,  on  the  dip  of  an  ore-body 
in  Randolph  county,  Ala.,  I  found  a  similar  state  of  facts.  At 
the  top  of  the  incline  the  ore-body  was  13  feet  thick,  and  a 
cross-cut  at  45  feet  depth  showed  that  this  thickness  had  been 
maintained  so  far,  but  in  sinking  deeper  we  found  it  to  dimin- 
ish, dying  out  towards  the  foot-wall.  At  the  same  time,  the 
wedge-like  top  of  another  body  appeared  near  the  hanging- 
wall,  and  this  body  increased  until,  at  the  depth  of  80  feet,  it 
equalled  in  thickness  the  maximum  thickness  of  the  one  which 
had  disappeared. 

Dr.  Becker,  in  his  monograph,  already  cited,  devotes  much 
space  to  the  structure  of  the  Southern  ore-bodies ;  and  in  the 
recent  Bulletin  of  the  Alabama  Geological  Survey,  Dr.  Smith, 
remarking  that  Dr.  Becker's  conclusions  embody  modern  views 
concerning  rock-structure  which  appear  to  be  applicable  to  the 
Alabama  rocks,  gives  the  following  condensed  abstract  of  them  : 

"  In  Alabama,  as  well  as  in  the  Southeastern  States,  the  structure  of  almost  the 
entire  mass  of  the  older  rocks  is  schistose,  the  strike  of  the  planes  of  cleavage  be- 
ing generally  that  of  the  Appalachian  range,  or  N.  30°  to  50°  E.  Where  sedi- 
mentary strata  occur  they  too  strike  in  approximately  this  direction,  in  conse- 
quence of  the  folding  which  has  built  up  the  range  ;  and  as  a  consequence  of  this 
fact,  the  cleavage  of  the  schists  has  very  often  been  mistaken  for  bedding.     The 
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dip  of  these  schists  is  generally  toward  the  southeast,  though  occasioually  north- 
west, as  well  as  other  abnormal  dips  occur.  Tliese  remarks  apply  to  the  more 
prominent  surfaces  of  schistose  cleavage,  but  observation  will  generally  show  that 
there  are  schistose  partings  at  a  large  angle  to  the  most  pronounced  one,  and  when 
the  two  are  about  equally  developed,  their  intersection  being  nearly  horizontal,  the 
strikes  of  each  are  approximately  the  same.  Occasionally  there  are  other  schis- 
tose cleavages  striking  nearly  at  right  angles  with  the  predominant  cleavage,  but 
these  play  a  comparatively  unimportant  part.  According  to  modem  views,  mas- 
sive igneous  rocks,  such  as  granite,  as  well  as  stratified  rocks,  are  converted  into 
schists  by  the  development  of  planes  of  cleavage  by  shearing,  i.e.,  'by  the  sliding 
of  each  of  the  parallel  infinitely  thin  lamelliie,  of  which  the  rock  may  be  con- 
sidered to  be  made  up,  upon  that  next  below  it,  in  the  same  direction  and  by  the 
same  infinitesmal  amount,'  the  movement  being  distributed  over  an  infinite  num- 
ber of  surfaces  and  not  reaching  the  rupturing  strain  on  any  one.  If  the  rock  is 
not  very  uniform  in  composition,  some  portions  of  it  may  acquire  the  schistose 
structure  before  othei's,  and  the  resulting  schist  will  show  bands  or  sheets  in  which 
different  degrees  of  schistosity  will  be  exhibited.  If  the  deforming  movement  be 
carried  far  enough,  fissures  will  be  opened  in  part  of  the  schist,  and  carunculated 
surfaces,  or  puckered  surfaces,  will  result,  whilst  other  portions  of  the  schist  will 
have  merely  flat  cleavage -surfaces.  It  is  in  such  unevenly  deformed  rocks  that 
fissures  have  opened  most  widely  and  veins  are  most  abundant  and  widest.  '  Carun- 
culated surfaces  are  therefore  properly  regarded  as  favorable  indications  by  the 
miners.'  " 

In  this  connoctioii  Dr.  Smith  goes  on  to  say : 

"Prof.  Becker  finds  proof  that  the  opening  of  the  fissures  now  filled  with  ore 
took  place  later  than  the  movements  which  rendered  the  country  schistose,  in  the 
fact,  among  other  things,  that  angular  fragments  of  schist  are  often  enclosed  in 
the  quartz  ;  on  the  other  hand,  the  connection  of  the  ore-deposits  with  dikes  does 
not  appear  to  be  very  close,  but  coeval  on  structural  grounds,  since  neither  the 
ore-deposits  nor  the  dikes  have  been  greatly  disturbed  since  their  formation.  The 
observations  of  Prof.  Becker  show  that  in  the  great  majority  of  cases  the  fissures 
follow  the  schistose  partings  somewhat  closely  though  not  accurately,  showing  a 
certain  degree  of  correspondence  between  the  producing  forces  of  two.  Neverthe- 
less, the  movements  were  not  in  general  identical  in  direction.  This  is  shown 
first,  in  the  existence  of  veins  and  fissures  at  various  angles  to  the  schistose  sur- 
faces, and  secondly,  in  the  circumstance  that  some  of  the  markings  produced  in 
the  dislocations  accompanying  the  opening  of  the  fissures  do  not  coincide  in  direc- 
tion with  the  motion  which  produced  the  schistosity.  Again,  where  the  rocks  are 
schistose  and  the  main  ore  bodies  are  intercalated,  stringers  almost  always  cut 
into  the  walls.  From  the  relation  of  these  stringers  to  the  planes  of  cleavage  of 
the  schists  it  is  inferred  with  a  reasonable  degree  of  certainty  that  the  opening  of 
the  fissures  has  been  accomplished  by  normal  faulting,  while  tlie  cleavage  of  the 
schists  has  been  the  result  of  overthrust  or  reverse  faulting ;  in  other  words,  the 
movements  producing  the  schistosity  and  those  producing  the  fissures  have  been  in 
opposite  direction  though  approximately  along  the  same  planes." 

So  far  as  my  own  observ^ations  go  they  confirm  Dr.  Becker's 
conchisions  as  applicable  to  a  yqyj  large  extent  in  Alabama. 

Of  conrse,  the  two  main  questions  affecting  gold-mining  in 
the  South  are  :   1.  "Whether,  in  the  large,  low-grade  bodies,  the 
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ore  is  sufficiently  rich;  and  2.  "Whether,  in^he  small,  higher- 
grade  bodies,  the  ore  is  sufficiently  abundant  for  profitable 
mining. 

As  to  the  lirst  question,  there  are  no  mines  now  in  operation 
in  Georgia  or  Alabama  from  which  definite  conclusions  can  be 
drawn.  But  preparations  are  in  progress  at  two  or  three  locali- 
ties to  mine,  on  a  limited  scale,  extensive  low-grade  deposits, 
and  I  hope  to  be  able  to  present  to  the  Institute  at  some  future 
meeting  a  paper  that  shall  give  a  report  of  the  progress  made 
in  these  enterprises.* 

As  to  the  second  question,  we  have  in  Georgia  two  examples 
of  successful  mining  upon  the  narrower  but  richer  ore-bodies. 
The  first  is  the  Creighton  mine,  which  has  been  described  at 
considerable  length  in  Dr.  Becker's  monograph  and  in  the  paper 
of  Messrs.  Mtze  and  Wilkens.  The  second  is  the  Walker 
mine,  situated  in  McDuffy  county,  about  31  miles  northwest 
from  Augusta,  and  owned  and  operated  by  Mrs.  J.  Sep  Smith, 
who  has  been  conducting  it  with  profit  for  the  past  eight  or 
ten  years.  This  is  briefly  mentioned  by  Messrs.  Nitze  and 
Wilkens.  I  have  referred  to  both  of  these  operations  in  my 
former  paper,  already  cited. 

The  number  of  deposits  of  auriferous  gravel  and  quartz-veins 
in  Georgia  and  Alabama  is  very  large.  In  my  recently  pub- 
lished preliminary  report  on  the  upper  gold-belt  of  Alabama  I 
have  mentioned  at  some  length  each  occurrence  of  gold-bear- 
ing quartz  in  that  belt  in  the  counties  of  Cleburne,  Randolph, 
Clay,  Talladega,  Elmore,  Coosa  and  Tallapoosa.  Dr.  Phillips, 
in  his  report  on  the  lower  gold-belt,  published  in  1892,  described 
each  occurrence  in  the  counties  of  Elmore,  Coosa  and  Talla- 
poosa, located  south  and  southeast  of  the  region  embraced  in 
my  examination. 

For  convenience  we  both  divide  the  gold-region  under  con- 
sideration into  belts,  in  each  of  which  we  include  all  occurrences 
within  a  given  zone  of  country-rock.  Thus  the  Silver  Ilill  belt, 
for  instance,  embraces  all  the  discoveries  in  a  zone  of  semi- 
crystalline  slate,  extending  from  near  the  southwestern  extrem- 

*  The  success  of  the  Haile  mine,  in  South  Carolina,  as  an  operation  based  on 
low-grade  bodies,  furnishes  a  standard  as  to  what  can  be  done  in  the  way  of  clieap 
mining  and  reduction  on  a  large  scale.  It  has  been  so  abundantly  described  in 
our  Transactions  (and  elsewhere)  that  I  need  not  give  particulars  here. 
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ity  of  the  crystalline  area  known  as  the  gold-region,  across  the 
State  in  a  northeasterly  direction  into  Georgia  and  continning 
in  the  same  direction  for  some  distance  in  that  State. 

Northwest  of  this  belt,  separated  from  it  by  a  belt  of  gneiss, 
and  only  a  few  miles  distant,  I  found  another  belt  of  semi- 
crystalline  slate,  or  rather  the  northeastern  extension  of  a  belt 
of  this  formation,  which  was  referred  to  by  Dr.  Phillips  as  be- 
longing to  the  lower  gold-belt;  this  we  have  both  designated 
as  the  "  Goldville  and  Hog  Mountain."  It  is  continuous  across 
a  portion  of  Tallapoosa,  Chambers  and  Randolph  counties  in 
Alabama,  and  from  the  latter  enters  the  State  of  Georgia. 
Some  little  difference  can  be  observed  between  these  two  belts 
of  formation.  The  Silver  Hill  slate  is  not  impregnated  with 
the  pseudomorphs  of  limonite  after  pyrite,  commonly  called 
"  iron  garnets,"  while  the  slate  in  the  Goldville  belt  is  asso- 
ciated with  immense  quantities  of  "  iron  garnets,"  and  is  fol- 
lowed in  the  series  towards  the  northw^est  by  extensive  granite 
flat  rocks  and  massive  beds  of  gneiss. 

The  next  belt,  which  is  auriferous,  is  located  a  few  miles  fur- 
ther to  the  northwest.  In  this  the  fully  crystalline  schists  pre- 
vail, including  mica,  hornblende,  diorite  and  the  "  Millerville, 
Iwana  or  Ilillabee,"  already  mentioned  in  this  paper. 

In  considering  the  gold-regions  of  Georgia  and  Alabama 
from  a  commercial  standpoint,  the  statistics  which  have  been 
gathered  from  time  to  time  in  the  past  have  been  anything 
but  satisfactory.  It  is  hardly  fair  to  base  a  final  judgment 
on  these  statistics.  The  general  rule  is  that  the  ore  is  very  re- 
fractory. Much  of  it  is  so  closely  associated  with  graphitic 
slate  and  graphite  that  it  is  economically  impracticable  to  mine 
it  and  separate  it  from  the  graphite  before  sending  it  to  the 
mill.  This  graphite  is  usually  in  the  nature  of  graphitic  slate, 
in  which  the  lenses  of  auriferous  quartz  occur,  and  through 
which  much  free  gold  has  been  disseminated — in  fact  the  slate 
shows  by  panning  about  the  same  value  as  the  quartz.  Other 
ore,  w^hich  otherwise  would  be  considered  free-milling,  has  a 
talcoid  micaceous  schist  closely  associated  with  it,  and  a  large 
proportion  of  the  gold  is  disseminated  through  the  schist.  The 
structure  of  the  ore-body  in  these  instances  is  such  that  it  can- 
not be  profitably  mined  if  sorting  is  attempted.  In  many  of 
the    ore-bodies  a  consideral)le   quantity  of  wad    or   bog-man- 
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ganese  is  associated  with  the  ore.  But  the  greatest  amount  of 
the  refractory  ore  is  rendered  so  because  of  the  iron  pyrites 
with  which  the  gold  is  associated. 

In  consequence  of  these  characteristics  it  can  readily  be 
understood  that  in  order  to  make  the  profitable  treatment  of 
the  ore  possible,  thoroughly  experienced  metallurgists  must 
conduct  the  experiments  preliminary  to  the  commencement  of 
mining  and  milling  on  a  commercial  scale.  Too  often  this 
precaution  has  been  neglected,  with  disastrous  results. 

We  have,  however,  in  the  South  many  advantages  over  the 
West  which  enable  us  to  mine  and  mill,  profitably,  ore  which 
otherwise  would  have  to  be  sent  to  the  waste-dump.  I  am  not 
ready  to  assert  that  we  have  an^^^here  mines  which  will  com- 
pare with  the  Homestake  or  the  Alaska-Treadwell  in  extent  of 
the  ore-bodies,  and  consequently,  even  with  our  low  rate  of 
wages,  and  low  cost  of  mining,  timbers  and  fuel,  we  cannot  con- 
duct operations  at  such  a  low  expense  as  would  compare  with 
the  operations  at  these  mines,  if  such  comparison  be  based 
only  on  actual  cost.  We  can,  however,  at  several  locations,  and 
especially  in  portions  of  Alabama,  mine  and  mill  for  75  cents 
per  ton,  with  a  crushing  capacity  of  less  than  50  tons  per  day. 
The  thickness  of  the  ore-bodies  where  this  can  be  done  is  about 
40  feet;  their  structure  is  such  that  they  can  be  mined  by  the 
open-cut  or  quarry  system  to  a  depth  of  about  100  feet,  and 
the  ore  is  comparatively  free-milling  in  character. 

Even  in  localities  where  the  natural  conditions  are  such  as 
to  render  mining  more  expensive  we  can  work  for  from  50  to 
60  per  cent,  less  cost  than  is  required  in  the  West  under  the 
same  conditions.  This  will  be  readily  understood  when  I  say 
that  in  these  States  we  pay  the  following  rates  of  wages : 


Mine  foreman, 

$1.50  to  $2.00  per  day 

Miners,  underground,         ..... 

1.00  to 

1.25    "      " 

Miners,  on  surface  and  in  open  cuts, 

.75 

1(           K 

Timbermen, 

1.00  to 

1.2)    "      " 

Amalgamators,  ....... 

1.50  to 

2.00    "      " 

General  mill  labor,  including  feeders,  oilers,  etc., 

.75 

((       a 

General  labor, 

.60  to 

.80    "      " 

Cord-wood  for  fuel,    ...... 

.75  to 

1 .25  per  cord 

Mining  timbers, 

.10  to 

.50  per  set 

SILVER-LOSSES    IN    CUPELLATIOX.  473 


Silver-Losses  in  Cupellation. 

BY  L.    D.    OODSHALL,    EVERETT,    WASHINGTON. 
(Colorado  MePting,  September,  1896.) 

A  GREAT  deal  has  been  written  of  late  reo^ardino;  the  loss  of 
silver  in  assaying;  very  discordant  results  have  been  published 
by  different  writers,  and  much  uncertainty  exists  concerning 
even  approximate  losses  in  a  careful  determination  of  silver,  as 
represented  by  a  fire-assay. 

In  the  present  paper  it  has  been  the  aim  of  the  writer  to 
determine  as  accurately  as  possible  the  losses  sustained  by  sil- 
ver, under  certain  specified  conditions,  during  the  process  of 
cupellation.  Such  losses  are  well  known  to  be  due  to  absorp- 
tion by  the  cupel  and  volatilization.  The  conditions,  however, 
which  govern  these  losses  are  not  believed  by  the  writer  to  be 
so  well  understood.     The  most  important  of  these  are : 

1.  The  elfect  of  variable  quantities  of  silver  used. 

2.  The  temperature  of  cupellation. 

3.  The  character  and  quantity  of  impurities  in  the  lead 
button. 

4.  The  weight  of  the  lead  button. 

5.  The  nature  of  the  cupel. 

The  following  experiments  were  made  for  the  purpose  of  de- 
monstrating, as  nearly  as  possible,,  the  total  loss  of  silver  in 
cupellation  under  the  most  favorable  conditions  to  be  obtained 
in  commercial  assaying. 

Chemically  pure  silver  and  pure  lead  were  taken.  The  lat- 
ter was  obtained  from  test-lead,  first  melted  into  a  bar,  from 
which  pieces  of  the  desired  weight  were  cut  and.  accurately 
weighed. 

The  experiments  recorded  in  this  paper  were  plianned  by  the 
writer,  but  executed  throughout  by  Mr.  J.  N".  Walker,  whose 
ability  as  an  accurate,  careful  and  painstaking  assayer  is  too 
well  known  and  recognized  throughout  the  West  to  require  any 
further  endorsement  from  me. 
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The  conditions  governing  the  loss  of  silver  in  cupellation 
were  examined  as  carefully  and  completely  as  was  thought  pos- 
sible, with  the  exception  of  the  comparative  effect  of  impurities 
in  the  lead  button,  which  will  be  the  subject  of  a  future  paper. 

A  brief  outline  of  the  plan  of  the  experiments  is  as  follows : 
All  assays  were  made  in  triplicate.  The  eft'ect  of  variable 
quantities  of  silver  used  was  determined  by  taking  carefully 
weighed  quantities  representing  approximately  2,  5,  10,  20,  50, 
100  and  200  milligrammes.  The  effect  of  temperature  was  de- 
termined by  cupelling  not  less  than  three  rows  in  any  experi- 
ment, whilst,  in  several,  four  rows  were  taken.  Coolers  for  the 
back-row  were  invariably  used,  and  the  greatest  possible  care 
was  taken  to  preserve  a  uniform  and  proper  heat  throughout 
the  operation. 

The  effect  and  character  of  impurities  in  the  lead  button,  as 
before  stated,  will  not  be  made  a  part  of  this  paper.  The  effect 
of  a  variable  quantity  of  lead  used  was  determined  by  taking  a 
quarter,  a  half,  three-quarters  and  a  whole  assay-ton  for  each 
series  of  experiments. 

The  influence  of  the  nature  of  the  cupel  will  be  treated  in 
this  paper  only  so  far  as  to  demonstrate  the  reliability  of  the 
cupels  used  by  recording  the  results  of  a  series  of  experiments 
obtained  by  using,  in  addition  to  the  cupels  of  our  own  make, 
two  other  kinds  as  standards.  The  latter  were  obtained  from 
the  ISew  York  Assay  Office  and  the  San  Francisco  Mint, 
through  the  kindness  of  Mr.  Andrew  Mason,  the  Superinten- 
dent of  the  iSTew  York  Assay  Office,  and  Mr.  Ben  W.  Day,  of 
the  San  Francisco  Mint. 

Three  series  of  experiments  were  made  to  examine  the  effect 
of  the  variable  conditions,  as  above  stated,  from  every  con- 
ceivable standpoint,  as  well  as  to  check  the  results  obtained. 

The  first  series  consisted  in  cupelling  at  one  time  not  more 
than  two  different  quantities  of  silver  with  a  uniform  weight 
of  lead.     The  position  of  the  cupels  in  this  series  was  as  follows: 

Approximately  n  milligrammes  of  Approximately  b  milligrammes  of 

Silver.  Silver. 

7  8  9  7  8  9 

4  5  6  4  5  6 

12  3  12  3 

No.  1  representing  the  front  row  and  first  in  each  set. 
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In  the  experiments  with  20  unci  50  niilligraninies  silver  four 
rows  were  cupelled  at  one  time  instead  of  three  as  shown  above, 
otherwise  the  positions  were  the  same. 

In  the  second  series  the  same  weiglit  of  lead  was  again  used, 
but  seven  ditierent  weights  of  silver  were  taken  for  each  cupel- 
lation.     The  position  of  the  cupels  was  as  follows ; 

Milligrammes  of  Silver  Used. 


2. 

5. 

10. 

20. 

50. 

100. 

200. 

15 

16 

17 

18 

19 

20 

21 

8 

9 

10 

11 

12 

13 

14 

1 

2 

3 

4 

5 

6 

7 

No.  1  represents  left  hand  end  of  front  row. 

In  the  third  series  not  more  than  two  different  weights  of 
silver,  but  four  diiferent  weights  of  lead,  were  used  in  each 
cupellation.     The  position  of  the  cupels  Avas  as  follows : 


Weight  in  Assay- Tons  of  Lead  Used, 


M.            V^- 

%. 

1. 

y^- 

34- 

%- 

1. 

a  Milligrammes  of  Silver. 

b  Milligrammes  of  Silver. 

9 
5 
1 

10 
6 
2 

11 
7 
3 

12 
8 
4 

9 
5 
1 

10 
6 
2 

11 
7 
3 

12 
8 
4 

In  the  final  series  of  experiments,  where  the  comparative 
absorption  of  the  ditierent  cupels  was  determined,  the  same 
quantity  of  silver,  and  not  more  than  two  diiferent  weights  of 
lead,  were  used  in  each  cupellation. 

The  position  of  the  cupels  was  as  follows  : 
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a  Milligrammes  of  Silver  Taken. 


c 

o      . 
OS    J    ^ 


{Oi     Xa     E3  S        fO,     Xs     E9 

X4     E,     Oe  1-^     X4     E5     0« 


<^  'o 


Ei     O,    X3 


No.  1  represents  first  button  in  front  row  of  each  set. 
ISTos.  1,  5  and  9  represent  Everett  cupels  (E). 
E"os.  2,  6  and  7  represent  K  Y.  Assay  Office  cupels  (0). 
Nos.  3,  4  and  8  represent  S.  F.  Mint  cupels  (X). 

The  results  of  the  above  series  of  cupellations  are  given  in 
the  tables  appended  to  this  paper.  The  buttons  represented 
by  each  table  were  cupelled  at  one  and  the  same  time,  except- 
ing Tables  L,  II.,  III.  and  lY.,  in  which  the  exceptions  are  the 
10-mg.  buttons,  which  were  cupelled  by  themselves ;  those  of 
Tables  I.  and  II.  in  one  operation,  and  those  of  Tables  III.  and 
IV.  in  another. 

Throughout  the  whole  of  the  above  series,  wherever  it  is  not 
distinctly  stated  that  proof-silver  only  was  used,  silver  buttons 
were  used  which  had  been  obtained  from  a  previous  cupellation, 
the  exceptions  being  those  marked  by  an  asterisk  in  the  tables. 

The  object  in  doing  this  was  to  determine  if  any  lead  had 
been  left  in  the  button,  which  would  be  shown  by  the  check, 
containing  only  proof-silver,  used  in  each  case. 

Throughout  the  foregoing  experiments  discrepancies  in  re- 
sults are  frequent ;  but  it  is  believed  by  the  writer  that  a  repe- 
tition of  the  experiments  made  in  the  most  careful  manner 
would  not  show  any  smaller  number,  with  one  possible  excep- 
tion. It  was  discovered  while  conducting  the  above  experi- 
ments that,  where  buttons  of  unequal  size  were  cupelled  at  the 
same  time,  it  was  of  the  greatest  importance  to  lower  the  tem- 
perature of  the  muffie  as  soon  as  the  smaller  buttons  had 
"  uncovered." 

In  some  cases,  where  buttons  of  different  sizes  were  all  put 
in  the  muffle  at  the  same  time,  and  the  heat  was  rather  low  for 
the  beginning,  the  small  buttons  would  "  uncover  "  and  perhaps 
be  nearly  half  cupelled  before  the  large  ones  started  and  the 
temperature  could  be  lowered  to  the  proper  degree.     One  way 


SILVER-LOSSES    IN    CUPELLATION.  477 

to  overcome  this  would  be  to  put  in  the  large  buttons  first. 
This  part  of  the  operation  is  believed  by  the  writer  to  be  very 
important,  as  the  condition  is  a  common  one  where  many  scori- 
fication-assays  are  made. 

In  all  the  above  experiments,  the  cupellations  were  made  at 
a  temperature  as  nearly  uniform  as  possible.  Dry  cupels  were 
invariably  used,  and  were  allowed  to  remain  in  the  muffle  until 
of  the  same  temperature,  before  the  buttons  were  put  in. 

The  cupellation  was  started  by  closing  the  front  of  the  muffle 
and  allowing  it  to  remain  closed  until  all  buttons  were  bright, 
or  "  uncovered,"  when  the  temperature  would  be  lowered  as 
quickly  as  possible,  and  the  cupellation  would  then  be  con- 
ducted at  a  low  heat  until  the  end.  The  cupels,  however,  were 
not  pushed  back  just  before  the  buttons  "  brightened,"  nor 
afterwards,  a  condition  stated  as  necessary  in  most  text-books 
on  assaying,  but  not  found  so  by  the  writer  when  using  pure 
lead  and  pure  silver,  and  in  quantities  as  above. 

In  some  cases,  where  the  temperature  was  quite  low  at  the 
end,  the  front  of  the  muffle  would  be  closed  just  before  "bright- 
ening," and  left  closed  for  several  minutes,  to  insure  the  re- 
moval of  all  the  lead. 

No  distinction  is  made  in  this  paper  between  the  loss  by 
absorption  and  volatilization.  The  writer  expects  to  continue 
experiments  along  this  line,  and  in  a  future  paper  to  discuss  this 
matter  more  fully. 
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First  Series. 
Table  I. — i  A.  7.  Lead  Taken  for  Gupellation. 
Taken  for  this  Table. 


Proof-Silver  Only 


No. 


2  Milligrammes. 


Weight.     Silver  Lost. 


2.69  2.57  0.12    4.46 
2.76  2.610.15    5.43 

3  j  2.64  2.53:0.11    4.17 

4  ,  2.27  2.110.161  7.05 

5  !  2.32  2.1710. 15!  6.47 

6  !  2.001.740.26  13.00 


\<Cu 


2.58  2.38  0.20 
2.48  2.37,0.11 
2.79  2.65  0.14 


7.75 
4.44 
5.02 


4.69 

s.'sii 

5.'74 
6.42 


5  Milligrammes. 


Weight.    Silver  Lost. 


4.76 
5.81 
5.69 
5.41 
5.65 
5.76 
5.73 
5.26 
5.71 


4.66 
5.65 
5.46 
5.15 
5.42 
5.56 
5.54 
5.06 
5.48 


S  OS 


Ch     1*^0, 


0.102 
0.162 
0.23  4, 
0.26  4, 
0.234. 
0.20  3, 
0.193, 
0.20  3. 
0.23  4. 


10  Milligrammes. 


Weight.      Silver  Lost. 


10' 

76  2.97 

04 

81  1 

07  4.12, 

47  

31  

80  3.71 
03 j 

|3.6o! 


ss 


10.61  10, 
12.22  11, 
10.58  10, 

11.57  11, 
11.90  11. 
11.69  11. 
12.18  11. 
11.8011. 

13.58  13. 


18  0.43 
75  0.47 
12  0.46 
04  0.53 
38  0.52 
21  0.48 
66  0.52 
52  0.28 
20  0.38 


'^Oh 


05.. 

854, 
35  .. 
.58! .. 
37,4, 
11  .. 


2.80 


■3.15 


Front 
Row. 

Sec- 
ond 
I  Row. 

'  Third 
Row. 


Table  II.— i  A.  T  Lead  Taken.     All  Proof-Silver  for  10  Mgs 


1  *2. 1212.04  0.08 

2  1  2.6l!2.520.09 

3  1  2..^)3'2.44|0.09 

4  2.1l'l.960.]6 

5  !*2.90'2.80  0.10 

6  1  1.74!l.660.08 

7  „...!  2.38  2.24  0.14 

8  1  2.37  2.24'0.13 

9  *2. 28  2.21  0.07 


3.78 

3.453.60 

3.56] 

7.58 

3.45  5.21 

4.601 

5.88 

5.49!4.81 
3.07 


4.54 


*5.94 
5.65 
5.46 
5.15 

*5.61 
5.56 
5.54 
5.06 

*5.44 


5.81  0.13 
5.430.22 
5.330.13 
5.03|0.12 
5.44  0.17 
5.34,0.22 
5.340.20 
4.8II0.25 
5.32  0.12 


2.19 
3.89 
2.38 
2.33 
3.03 
3.96 
3.61 
4.94 
2.21 


3.07 


3.59 


3.16 


11.56 
12.03 
10.69 
10.06 
11.85 
11.80 
10.27 
12.27 
11.03 


11.17 
11.49 
10. .30 

9.40 
11.42 
11.41 

9.86 
11.79 
10.60 


0.39  3. 37I 

0.54i4.49|3.84' 

0.39  3.65 1 

0.66  6.56! 

0.43  3.66  4.51 

0.39  3. 3l| 

0.41  3.98 

0.48  3.91  3.93 
0.43  3.90 1 


Front 
Row. 

Sec- 
ond 
Row. 

Third 
Row. 


4.09 


Table  III.— |  A. 


T.  Lead  Taken. 


2.04 
*2.60 
2.44 
*2.00 
2.80 
1.66 
2.24 
2.24 
*2!30 


1.89 
2.41 
2.27 

1.82. 
2.62 
1.57 

•2.09 
2.071 
2.14 


0.15 
0.19 
0.17 
0.18 
0.18 
0.09 
0.15 
0.17 
0.16 


7.a5 
7.31 
6.97 
9.00 
6.43 
5.42 
6.70 
7.. 59 
C.96 


7.08 


5.815.54  0.2714.64! 

*5. 50  5.23  0.2714.91  5.00 
5.33;5.04|0.29  5.44t 

'5.10  4.74  0.36  7.061 

5.445.16  0.28  5. 14'5. 63 
5.34:5.09!0.25i4.68 
5.34  5.10'0.24'4.49 
4.81  4.62  0.19  3.95 

*5. 50,5. 21  0.29,5.27 


4.57 


29'  9. 
7511. 

121  9. 
04|  9. 
49,10. 
21  10. 
661 10. 
.52  10. 
25il2. 


61  0, 

050, 
560. 
460. 
8810. 
400. 
9l|0. 
72,10. 
43iO. 


68  6.61 
70  5.96 
56  Is.  53 

58i5.78 
61J5.31 
81 1 7. 22 
75  6.43 
80:6.94 
82  6.18 


5.07 


6.03 


6.10 


Front 
Row. 

Sec- 
ond 
Row. 

Third 
Row. 


Table  IV.— 1  A.  T.  Lead  Taken. 


1.780. 
2  22  0, 
2.15  0, 
1.60  0, 

2.44  0. 

1.45  0. 
1.89  0. 
1.84  0, 
1.87  0 


821 

72,5.94 
28 

m' 

87,8.04 

64 

57 

11  9.82 
78 


7.93 


5.545, 
♦5.16  4, 
5.04I4. 
*4.67i4. 
5.16i4, 
5.09  4, 
5.IOI4. 
4.624. 
♦5.034. 


36  0.18  3.25 *11. 29,10. 72  0.57  5.05' L , 

98  0.18  3.49  3.50    11. 49110.78  0.71  6.18  5.17,  V 

850.19  3.77  10.30   9.86  0.44  4.271 '•^°^' 

540.132.78   1     9. 40!  8.96  0.44  4.681 |    Sec- 

96  0.20  3.87  8.26  *11 .55  10.67  0.88  7.62  6.29,    ond 


93  0.16  3.141 
90  0.20  3.92 
49  0.13  2.81 
82  0.21  4.17 


3.46 
3.82 


11.41  10.66  0.75  6. .57  ... 

9.86    9.24  0.62  6.29... 

11.79  11.14  0.655. 51  5. 

*10. 77  10.19,0.58  5.88!... 


5.73 
4.97 


Row. 

Third 
Row. 


*  Proof-silver. 
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First  Series. 
Table  V.— J  A.  T.  Lead  Taken. 


No. 


20  Milligrammes. 


Weight. 


1  20.05 

2  18.17 

3  *24  41 

•1  !  *17.41 

5  1    20.38 

6  j    23.00 

7  1    19.58 

8  i  *21.32 

9 !    19. Of. 

10  >     15. fi- 
ll       23.49 

12  *17.96 


Silver  Lost. 


u 

1.31 
0.89 
1.37 
0.99 
0.70 
0.92 
0.82 
0  (iO 
0.78 
0.60 
0.74 
0.54 


6.53 

4.90 

5.68 

5.61 

5.69 

3.43 

4.37 

4.00 

4.18 

2.81 

3.69 

4.09 

3.83 

3.15 

3.33 

3.01 

<:p; 


4.27 


50  MlLLIGK.^^MMES. 


Wei 

-ht. 

Silver  Lc 

6 

a 

C 

o 

< 

1    <h 

n 

c 

0) 

52.02 

50.52 

1  .'=0 

2.88 

45.01 

43.80 

1  ?1 

2.69 

*48.84 

48.45 

0.89 

0.80 

*52.53 

51.42 

Ml 

2.11 

49.48 

4  8.. 38 

1.10 

2.23 

49.63 

48.28 

1..^5 

2.72 

52.42 

51.16 

1   ?6 

2.40 

*48.(l6 

46.83 

1.23 

2.56 

50.50 

49.06 

1  44 

■A  85 

43.82 

42.94 

O.RS 

2.08 

48.26 

47.38 

0  88 

1.R2 

*.'53.54 

52.72 

0.82 

1.53 

<£ 


2.12 


2.35 


2.60 


1.81 


Front 
Row. 


Second 
Row. 


Third 
Row. 


Fourth 
Row 


Table  VL 


-M. 


T.  Lead  Taken.  Proof-Silver  Only  in  this  Table 


1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 


21.74 
20.68 
22.  ,57 
21.08 
22.12 
21.18 
22.88 
18. .58 
21.28 
18.70 
22.86 
22.21 


21.08 
20.13 
21.80 
20.05 
21.22 
20^46 
20.50 
17.40 
19.83 
16.45 
22.00 
21.00 


0.66 

S.03 

0.55 

2.66 

0.77 

3.41 

1.03 

4.89 

0.90 

4.07 

0.72 

3.40 

2.38 

10.40 

1.18 

6.3.5 

1.45 

6.81 

2.25 

12.03 

0.86 

3-.  76 

1.21 

5.45 

3.03 


7.85 


5.52 


&1.62 
47.44 
53.28 
52.31 
53.78 
52.62 
50.50 
51 .48 
54.08 
49.36 
.53.80 
54.91 


53.42 
46.42 
.52.1" 
50.75 
52.60 
51.10 
48.80 
49.91 
52.44 
45.36 
.50.06 
53.80 


1.20 
1.02 
1.16 
1.56 
1.18 
1.52 
1.70 
1.57 
1.64 
4.00 
3.74 
1.11 


2.19 
2.15 
2.18 
2.98 
2.19 
2.88 
3.38 
3.05 
3.05 
8.10 
6.95 
2.02 


3.16 


Front 
Row. 


Second 
Row. 


Tliird 
Row. 


5  g9   Fourth 
Row. 


Table  VIL— |  A.  T.  Lead  Taken.  Proof-Silver  Only  in  this  Table, 


22.31 
23.90 
23.75 
23  57 
24.. 58 
21.48 
24.32 
22.. 56 
22.78 
21.15 
22.53 
22.22 


20.86 
22.78 
23.22 
22.08 
23.56 
20.70 
23.15 
21.60 
21 .90 
20.16 
21.50 
21.38 


1.45 
1.12 
0.53 
1.49 
1.02 
0.78 
1.17 
0.96 
0.88 
0.99 
1.03 
0.84 


6.50 
4.69 
2.23 
6.32 
4.15 
3.63 
4.81 
4.26 
3.86 
4.68 
4.57 
3.78 


4.47 
4.'76 
4.31 


4.34 
4745 


42.88 
54., 58 
54.78 
.54.40 
54.41 
54.20 
53.04 
53.14 
55.20 
54.04 
54.74 
52.87 


1.02 

1.48 

0.56 

1.80 

1.61 

1.15 

2.73  i 

1.64  I 

1.68 

1.52 

1.63 

1.67 


2.04 


2.80 


Front 
Row. 


Second 
Row. 


2.38 
2.71 
1.02 
3.31 
2.96 
2.12 

5.14     I  „,  .   ^ 

3.08    3.75     Third 

3.04  I  I    Row. 

2.81  ,  . 

2.98    2.98  P^"'"''h 

3.16  L_.      Row. 

2.89 


Table  VIII.— 1  A.  T.  Lead  Taken.  Proof-Silver  Only  in  this  Table. 


2 
3 
4 


10 


22.30  1 

20.28  i 

24.08  I 

24.57  j 

25.88 

21.95 

21.88 

22.72 

24.50 

21.55 


11  1    24.46 


12  22.66    21 


0.96 
0.61 
0.77 
1.46 
1.50 
1.17 
1.08 
1 .22 
1.49 
1.17 
1.16 
1.18 


4.30 
3.01 
3.20 
5.94 
5.80 
5.33 
4.94 
5.37 
6.08 
5.43 
4.74 
5.25 


3.50 
5.'69 
5.'46 


5.14 


4.95 

4.80 


50.48 
43.41 
48.41 
51.37 
48.30 
48.28 
51.05 
46.79 
49.01 
42.92 
47.35 
52.70 


48.70 
42.06 
47.. 35 
49.38 
46.. 55 
46.48 
49.26 
45.25 
47.46 
40.97 
45.26 
50.84 


1.78 
1.35 
1.06 
1.99 
1.75 
1.80 
1.79 
1.54 
1.55 
1.95 
2.09 
1.86 


3.52 
3.11 
2.19 
3.87 
3.62 
3.73 
3.51 
3.29 
3.16 
4.  ,51 
4.41 
3.53 


2.94 
.3.'74 
3.'32 
A. lis 


.3.54 
3.02 


Front 
Row. 


Second 
Row. 


Third 
Row. 


Fourth 
Row. 


*  Proof-silver. 
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SILVER-LOSSES    IN    CUPELLATION. 


First  Series. 

Table  IX. — |  A.  T.  Lead  Taken.     Proof-Silver  Only  in  this 

Table. 


1 

2 
3 
4 
5 
6 
7 
8 
9 


100  MiLLIGEAMMES. 


Weight. 


108.08 
109.56 
118.30 
106.57 
105.53 
111.02 
108.45 
110.10 
104.94 


106.03 
107.56 
111.18 
104.36 
103.60 
108.88 
106.34 
108.53 
103.16 


Silver  Lost. 


■-  P 


2.05 
2.00 
2.12 
2.21 
1.93 
2.14 
2.11 
1.57 
1.78 


1.90 
1.82 
1.87 
2.07 
1.83 
1.93 
1.94 
1.42 
1.70 


<f^ 


1.86 
1.'94 
i"69 
1.83 


200  Milligrammes. 


Weight. 


219.72 
207.68 
200.50 
210.35 
203.00 
200.67 
210.20 
208.62 
219.15 


207.04 
204.82 
197.74 
207.55 
199.80 
197.80 
207.78 
200.03 
216.68 


Silver  Lost. 


2.68 
2.86 
2.76 
2.80 
3.20 
2.87 
2.42 
2.59 
2.47 


1.28 
1.38 
1.37 
1.33 
1.57 
1.43 
1.15 
1.24 
1.13 


-<£ 


1.34 


1.44 


1.32 


Front 
Row. 


Second 
Row. 


Third 
Row. 


Table  X. 


1  A 

"2    ^• 


T.  Lead  Taken. 


1 

2 
3 

4 
5 
6 

7 
8 
9 


*111.53 

109.0S 

2.45 

2.19 

*211.34 

208.00 

3.31 

1.58 

107.56 

105.56 

2.00 

1.86 

2.24 

20-1.82 

201.60 

3.16 

1.54 

1.63 

111.18 

10».20 

2. 98 

2.68 



197.74 

194.22 

3.. 52 

1.78 

104.36 

102.90 

1.46 

1.40 

207.55 

203.50 

4.05 

1.95 

*106.63 

103.91 

2.72 

2.55 

2.00 

*201.80 

198.28 

3.52 

1.74 

1.77 

108.88 

106.  (■.5 

2.23 

2.05 

197.80 

194.62 

3.18 

1.61 

106.34 

104.10 

2.24 

2.11 

207.78 

204.46 

8.32 

1.60 

108.53 

105.76 

2.77 

2.55 

2.06 

206.03 

202.79 

3.24 

1.57 

1.63 

*105.66 

101.04 

1.62 

1.53 

*219.88 

216.08 

3.80 

1.73 

2.10 

1.68 

Front 
Row. 


Second 
Row. 


Third 
Row. 


Table  XI.— f  A.  T.  Lead  Taken. 


i 

2 
3 
4 
5 
6 
7 
8 
9 


*103.58 

101,62 

1.96 

105.56 

103.34 

2  22 

108.20 

106.20 

2.00 

102.90 

98.82 

4.08 

*100.88 

98.65 

2.23 

106.65 

104.12 

2.. 53 

104.10 

101.12 

2.98 

105.76 

103.82 

1.94 

*101.54 

98.45 

3.09 

1.89  

*203.70 

200.00 

3.70 

1.81 

2.10  1.95 

201.66 

198.12 

8.54 

1.75 

1.75 

1.85  

194.22 

190  96 

3.26 

1.68 

3.96  

203.. 50 

199.64 

3.86 

1.90 

2.21  1  2.85 

*196.28 

191.71 

4.. 57 

2.33 

2.16 

2.37  

194.62 

190.22 

4.40 

2.26 

2.86  

204.46 

200.38 

4.08 

1.99 

1.83.  2.58 

202.79 

197.88 

4.91 

2.42 

2.17 

3.04  

*212.88 

208.40 

4.48 

2.10 

2.46 

2.03 

Front 
Row. 


Second 
Row. 


Third 
Row. 


Table  XII.— 1  A.  T.  Lead  Taken. 


1 

2 
3 
4 
5 
6 
7 
8 
9 


*104.82 

102.30 

2.52 

2.40 

*202.10 

198.88 

3.22 

1.59 

103.44 

100.80 

2.64 

2.55 

2.32 

198.12 

194.21 

3.91 

1.97 

1.75 

106.20 

101.08 

2  12 

2.00 

190.96 

187.74 

3.22 

1.68 

98.92 

95.72 

3.20 

3.24 

199.64 

195.2(1 

4.44 

2.22 

*102.75 

100.07 

2.68 

2.61 

:V.()3 

*191.91 

190.36 

4.55 

2.33 

2.24 

104.12 

100.74 

3.38 

3  2.) 

190.22 

186.08 

4.14 

2.17 

101.12 

97.78 

3.34 

3.30 

200.38 

195.67 

4.71 

2.35 

103.82 

100.60 

3.22 

3.10 

3.08 

197.88 

193  44 

4.44 

2.24 

2.34 

*100.65 

97.86 

2.79 

2.77 

*213.58 

208.36 

5.22 

2.44 

2.81 

2.11 

Front 
Row. 


Second 
Row. 


Third 
Row. 


*  Proof-silver. 
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SILVER-LOSSES    IN    CUPELLATION. 


No, 


Third  Series. 

Table  I. — 2  MiW/jrammes  Silcer   Taken. 

Whole  Series. 


Proof-Silver   Taken  for 


y^  A.  T.  Pb. 


Weight. 


Silver  Lost. 


SB 

Si 


2.781  2.68  0.10  3.60' 

2.78:  2.65  0.13  4.68  4.0.5 

2.39|  2.310.08  3.35 

2.62  2.500.12,4.58 


M  A.  T.  Pb. 


Weight. 


2.47 
2.94 
3.07' 
2.80 


Silver  Lost. 


2.40  0.07  2.82 
2.H4  0.10  3.40 
2.86  0.21  6.84 
2.68  0.12,4.28 

I         I 


<^ 


4.33 


%  A.  T.  Pb. 


Weight. 


Silver  Lost. 


3.20 
2.56 
2.96 
2.48 


1  A.  T.  Pb. 


Weight. 


3.10  0.10  3.12! 

2.49  0.07  2.73  4.51 

2.79  0.17  5.74, 

2.32  0.16.6.45 


Silver  Lost. 


c   \<^ 


I    I 


2.89 
3.26 
2.82, 
2.00 


2.74  0.15'5.19  .. 
3.100.164.91  6.49  4.85 

2.64  0.18  6.38, I 

1.810.19  9.501 


Table  II. — 5  Milligrammes  Silver  Taken. 


5.48 
5.32 
5.24 
5.84 


I         I         I 

5.30  0.18  3.28 

5.10!0.22  4.14  3.52 

5.08J0.16  3.05 

5.63  0.21  3.60; 


5.32 

5.481 
5.981 
5.73' 


5.2ll0.1l!2.07  .   ... 
5.26  0.22  4.013.15 

5.810.17  2.84 

5.52  0.2113.66' 


4.78 
5.96 
5.06 
5.46 


4.65  0.13  2.72  

5.69  0.27|4.. 53  4.25 

4.77|0.29  5.73 

5.240.22  4.03 


5.00 
5.22 
6.04 
5.6l' 


4.78  0.22  4.40 | 

4.99  0.2:^4.41 14.84  3.94 

5.64  0.40  6.62 | 

5.39  0.22.3.92  


Table  III. — 10  Milligrammes  Silver  Taken. 


10.36 
12.86 
11.55 


10.01  0.. 35  3.38' I  10.^1  10.58  0.26'2. 39 1  10. .54 

12.2510.614.74  4.01    12.10    11. .59  0.51  4.21  3.19  13.04 

11.10:0.453.90, I  11.84;  11.490.35  2.96 11.40 

III'  j         ,         I         I 


10.14  0.40'3. 79   11.46:  11.060.403.49 

12.50|0.54'4.14  3.87  12.00  11.40  0.60  5.00 

10.9810.42,3.68 11.59  11.13  O.'JC  3.97 

I         I         I         I  I  II 


4.153.79 


Table  IV. — 20  Milligrammes  Silver  Taken. 


1  21.12!  20.50I0.62'2.93 21.251  20.88  0.37  1.741.... 

2  2:5.63    22. 74|0. 89  3.773.261  21.81;  21 .10  0.7l!3.26  2.J 

3  22. 09^  21.410.68  3.081 j  21.50    20.77i0.73:3.40,.... 


21.76 
22.. 52 
22.70 


21. 22:0. -54  2.48 
21.69  0. a?  3.68 
22.14,0.56  2.47 


20.78 
22.06 
22.55 


20.26 
21.07 
21.77 


0.52 
0.99 
0.78 


2.50] 

4.49  3.33  3.07 
3.011 


Table  V. — 50  Milligrammes  Silver  Taken. 


50.06 
50.11 
53.72 


48.92  1.14'2.27| 55.42 

48.7l!l.40  2.79  2.44    .55.66 
52.5011.22  2.27: 51.26 


54.021.40 
.54.23  1.43 
49.61  1.65 


2.53 
2.39 
3.22 


2.71 


51.66 
54.75 
54.78 


50.16  I..50I2.93I 55.161  .53.44 

52.70  2.05  3. 74I3. 17    51. KX   49.60 
53.23  1.5.5  2.831 52.33    50.76 


1.72  3.12  .. 
J.2sl4.39  3.50 
1.57|3.00  .. 


2.96 


Table  VI. — 100  Milligrammes  Silver  Taken. 


1  '114.20  111. 

2  108.. 59  106, 

3  ,102.10,  99. 


6512. 
292, 
88  2, 


55I2, 
302, 

22I2, 


2:^l 1 101. 

11  2.17]102. 


88  99 
49I1OO 
401  97, 


6912.19 
23  2.26 
672.73 


I             I         I         '         '  '         ' 

2.151 107. 28  104..5f)  2.78  2.59 '101.72    99.21  2.48  2.44 

2.20;2.35  110.02  106.76  3.26  2.96  2.69  101 .66    97.84  3.82  3.75l2.9-> 

2.71   105.34.102.70  2.64  2.51 1107.34  104.48  2.86  2.66, 

,        I         I  I  I  I  I  I         I 


Table  VII. — 200  Milligrammes  Silver  Taken. 


201.30  197. 
207.40  203, 
214.88  211. 


.58  3, 
863, 
21,3. 


72  1, 
.5^1  1, 
67  1, 


8.5 218 

71 '1.76  207 
71 203 


,18'215.01'3.17'1.45 210.92  207. 48|3. 4411. 63 

,00  202.76  4.24  2.05  1.91  203.68  1<)9.. 3314. :i5i2. 13  1.8; 
.19  198.68  4.512.22 1205. 76:201. 95:3. 81,1. 85 

I  III  I 


214.93!210.49  4.44 
204. 3.>  199.83  4.49 
204.76  201.42  3.34 
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The    Occurrence  and  Behavior  of  Tellurium   in  Gold-Ores, 

More  Particularly  with  Reference  to  the  Potsdam 

Ores  of  the  Black  Hills,  South  Dakota. 

BY  FRANK  CLEMES  SMITH,  RAPID  CITY,  S.  D. 

(Colorado  Meeting,  September,  1896.) 

The  study  of  the  so-called  refractory  gold-ores  of  the  Pots- 
dam sandstone,  ores  which  are  probably  of  wider  occurrence 
and  of  much  greater  economic  importance  in  the  Black  Hills 
than  is  generally  supposed,  has  led  the  writer  to  formulate  in 
the  present  paper  some  of  the  results  obtained  in  the  course  of 
a  special  examination  of  these  particular  ores,  conducted  at  the 
State  School  of  Mines  at  Rapid  City,  So.  Dak.  Various  cir- 
cumstances have  interrupted  the  work,  and  it  will  easily  be 
seen  that  relatively  little  has  yet  been  accomplished ;  but  it  is 
hoped  that  this  little  may  be  of  sufficient  interest  to  justify  a 
later  supplement. 

Tellurium,  discovered  byMiillervon  Reichenstein  in  1781,  is 
generally  classed  as  a  very  rare  metal ;  it  is  further  mentioned 
by  one  of  our  late  writers  as  "  of  comparatively  little  impor- 
tance," and  as  obtained  from  its  ores  by  a  "  complicated  process." 
Concerning  its  rarity,  we  have  some  trustworthy  evidence  be- 
low. Its  commercial  importance,  particularly  in  connection 
with  electrical  appliances,  has  been  passed  upon  by  Mr.  Edi- 
son;* and  it  is  certain  that,  in  some  metallurgical  processes  for 
the  treatment  of  gold-  and  silver-ores,  it  may  be  saved  as  a  by- 
product at  a  relatively  reasonable  expense. 

The  importance  of  tellurium  as  a  mineralizing  agent  is  em- 
phasized by  the  remarks  of  one  of  our  leading  metallurgists, f 
who,  in  his  own  practice  and  by  a  wide  series  of  experiments, 
has  found  its  occurrence  to  be  much  more  general  than  has 
been  supposed.  Recently  the  same  writer  has  discussed  the 
occurrence  of  tellurides  and  oxidized  tellurium  compounds  in 
the  gold-ores  of  Cripple  Creek,  Colo.,  and  in  those  of  the  Black 

*  Trans.,  xviii.,  442. 

t  Dr.  Richard  Pearce,  Trans.,  xviii.,  449. 
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Hills.*  Several  important  gold-producing  districts  may  be 
cited  in  which  the  precious  metals  are  known  to  be  largely 
associated  with  tellurium. 

The  presence  of  tellurium  in  such  ores  has  frequently  been  a 
source  of  perplexity  to  metallurgists,  particularly  in  American 
practice.  In  some  cases  they  have  detected  it;  but,  doubtless, 
in  the  majority  of  cases,  they  have  not  done  so,  or,  if  they  have 
recognized  it,  have  ignored  it,  with  disastrous  consequences.  It 
is  not,  however,  suprising  that  the  metallurgy  of  tellurium  com- 
pounds has  been  little  studied  in  this  country,  since,  until  com- 
paratively recent  times,  few  large  deposits  of  such  ores  have 
been  worked  to  any  great  extent,  and  the  ores  of  these  would 
be  of  such  grade  as  would  naturally  be  sent  to  a  smelter,  there 
to  be  lost  in  the  mass  of  others.  It  has  been  proved  that  tellu- 
riferous  ores  are  not  susceptible  to  amalgamation  or  to.  the  or- 
dinary methods  of  hydraulic  concentration.  They  cannot  be 
smelted  by  themselves  without  an  unusual  proportion  of  loss. 
In  various  details  of  the  chlorination  and  cyanide  processes,  as 
practiced  to-day,  there  is  also  a  series  of  losses  from  volatiliza- 
tion of  the  precious  metals,  and  these  losses  are  heavily  increased 
by  absorption  of  the  precious  metals  by  melting  vehicles  and 
entrainment  in  waste  products. 

It  is  stated  by  Kiistelf  that  "  not  all  tellurium  combinations 
with  gold  lose  gold  to  a  notable  extent  while  roasting;  but 
some  do,  and  that  up  to  a  considerable  amount,  20  per  cent., 
perhaps  even  more."  He  further  says,  "  The  loss  is  no  mechani- 
cal one,  occasioned  by  the  draft  of  the  furnace,  but  principally 
by  volatilization."  Lock|  states  that  in  the  roasting  of  a 
smelting-mixture  containing  small  quantities  of  cobalt,  nickel, 
antimony,  arsenic,  tellurium,  gold  and  silver,  portions  of  the 
tellurium  and  gold  are  volatilized.  He  cites  the  result  of  a 
roasting  of  14.5  pounds  of  tellurium-ore  in  a  muffle-furnace  for 
1|  hours,  with  the  loss  of  0.35  per  cent,  of  the  gold,  and  3.8  per 
cent,  of  the  silver ;  the  further  treatment  of  the  roasted  product 
by  chlorination,  precipitation  of  the  gold  with  ferrous  sulphate, 
precipitation  of  the  tellurium  with  metallic  zinc,  and  "  exami- 
nation of  the    argentiferous    residues,"  gave    certain    results, 

*  Proc.  Colo.  Sci.  Soc. 

t  Roasting  of  Oold-  and  Silver- Oj-cs,  p.  57. 

I  Gold,  p.  IHO. 
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showing  only  that  there  were  serious  errors  in  the  assays 
(doubtk'ss  due  to  the  presence  of  the  very  metal  whose  effect 
was  under  examination),  somewhat  reflecting  upon  the  valne  of 
the  whole  investigation.     Becker  cites  the  same  test.* 

The  resultant  of  various  investigations,  from  those  of  IMatt- 
ner  up  to  the  latest,  seems  to  be  that,  in  the  ordinary  oxidizing- 
roasting  of  gold-ores,  where  no  tellurium  is  present,  there  is  no 
loss  of  gold  other  than  a  mechanical  one.  On  the  other  hand, 
in  considering  the  treatment  of  gold-ores  carrying  an  appreci- 
able amount  of  tellurium,  in  any  form,  it  seems  safe  to  say  that 
in  any  operation  involving  a  roasting  of  such  ores,  or  of  pro- 
ducts from  which  either  the  gold  or  the  tellurium  has  not  been 
separated,  there  will  be  an  appreciable  loss  of  gold  by  volatil- 
ization. This  loss  is  easily  noticeable  in  the  fire-assay  of  such 
ores;  and  a  consideration  of  the  route  taken  by  the  gold  in  the 
course  of  the  various  metallurgical  operations  will  show  that  in 
many  cases  the  loss  may  be  progressive,  and  not  entirely  due  to 
one  portion  of  the  process.  Careful  experiment  with  such  ores, 
especially  when  conducted  at  reduction-works  handling  large 
quantities  of  them,  should  not  only  finally  avoid  embarrassment 
from  the  presence  of  the  tellnrium,  but  even  turn  it  to  profit. 

The  discovery  of  tellurium  in  the  Potsdam  ores  of  the  Black 
Hills  was  first  made  in  the  course  of  an  examination  of  some 
samples  from  the  Welcome  mine,  belonging  to  the  Horse  Shoe 
Mining  Co.  With  the  idea  that  this  metal,  if  of  general  occur- 
rence in  the  Potsdam  ores,  would  go  far  to  explain  the  source 
of  their  mineralization,  and  that  it  must  also  exert  a  very  nota- 
ble eft'ect  upon  their  metallurgy,  a  large  number  of  samples, 
from  various  locations  in  the  hills,  were  examined,  and,  of  all 
these  ores,  including  several  mineralized  dike-rocks  from  the 
vicinity  of  Potsdam  ore-hodies,  but  one  sample  (later  referred 
to  in  consideration  of  Fig.  2)  failed  to  show  the  presence  of 
tellurium. 

Assays  of  Tellurium-Ores. 

As  a  preliminary  step  toward  the  investigation  of  the  ores  in 
question,  it  was  determined  to  examine  the  eft'ect  of  various 
conditions  upon  the  fire-assay,  with  the  view  of  establishing  a 
safe  crucible  charge.     Later  writers  upon  assaying  prefer  the 

*  V  Or,  p.  270  el  seq. 
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scorification-assay  for  tellurium-ores,  using  generally  one-tenth 
of  an  assay-ton  of  ore  to  a  charge.  With  very  rich,  unoxidized 
gold-ores  of  the  Potsdam  sandstone,  in  the  Black  Hills,  the 
crucible-assay  seems  preferable,  both  by  reason  of  the  compara- 
tive results  obtained  by  the  two  methods,  and  also  because  it  is 
desirable  to  work  upon  a  greater  amount  of  ore  than  one-tenth 
of  an  assay-ton,  especially  in  cases  where  the  ores  may  be  of 
low  grade. 

Two  samples  of  Potsdam  ore  were  selected,  which  were  sup- 
posed to  be  of  fairly  high  grade.  One  was  a  so-called  "  blue  " 
(unoxidixed)  ore  and  the  other  was  a  "  red "  (oxidized)  ore. 
These  were  dried,  crushed  to  60-mesh  and  assayed  by  scorifica- 
tion-  and  crucible-test,  using  the  charges  ordinarily  used  for 
such  ores,  as  follows : 


Charge  No.  1. 

Ore, 

Soda  bicarbonate, 
Litharge, 
Argol,     . 
Borax  cover. 

Results. 


Eed  ore,  . 
Blue  ore, 


Crucible. 
A.  T. 
0.50 
1.50 
2.00 
0.05 


Ore,       .... 
Granulated  lead,  mixed, 
Granulated  lead  on  top, 
Pinch  of  borax. 


Scorification. 

A.  T. 
.  0.25 
.  2.00 
.     1.00 


Crucible. 

Ozs.  per  ton. 

Gold.     Silver. 

20.34     2.66 

2.18     3.64 


Scorification. 
Ozs.  per  ton. 
Gold.    Silver. 
16.20     1.70 
2.08     3.44 


The  same  ores  were  then  assayed  by  both  methods,  using  the 
following  charges :. 


Charge  No.  2. 

Crucible. 

Scorification. 

A.  T. 

A.  T. 

Ore, 

.     0.25 

Ore,       . 

.     0.25 

Soda  bicarbonate,    . 

.     1.00 

Granulated  lead, 

mixed,        .     2.00 

Litharge, 

.     2.00 

Granulated  lead 

on  top,         .     1.00 

Argol,     . 

.     0.05 

Litharge  cover. 

Borax  cover. 

Pinch  of  borax. 

Uesidts. 

Crucible. 

Scorification. 

0z.s.  per  toti. 

Ozs.  per  ton. 

Gold.       Silver. 

Gold.    Silver. 

Red  ore,  . 

.         .         . 

.     22.16     3.04 

21.40     2.60 

Blue  ore,  . 

. 

.       2.24     4.12 

2.15     4.08 
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Both  samples  were  then  tested  hy  crucible-assay  alone,  as 
follows  : 

Charge  No.  3. 

Crucible. 
A.  T. 

Ore, 0.25 

Soda  bicarbonate, 1.00 

Litharge, 2.00 

Argol, 0.10 

Borax  cover. 

Results. 

Ozs.  per  ton. 

Gold.         Silver. 

Red  ore, 22.81  3.16 

Blue  ore, 2.31  4.13 

Further  alterations  in  the  charge,  consisting  in  increase  of 
litharge  or  of  argol,  failed  to  give  increased  results,  and  charge 
No.  3  was  deemed  satisfactory. 

Another  sample  of  red  ore  was  assayed  by  crucible  with  this 
charge,  and  also  by  crucible  and  by  scorification  with  Fur- 
man's  charges,  as  follows : 


Furmaii's  Charges. 

Crucible. 
A.  T. 

Scorification. 
A.  T. 

Ore,  . 

.       0.5 
Grammes. 

Ore, 

• 

.        0.10 
Grammes. 

Soda  bicarbonate, 

20 

Granulated  lead, 

. 

.      50.0 

Litharge,  . 

80 

Borax  glass, 

. 

.        0.3 

Granulated  lead, 

50 

Litharge  cover. 

Salt  cover. 

Remits. 

Ozs. 
Gold. 

per  ton. 
Silver. 

Crucible-charges, 

No.  3,  . 

. 

4.3 

4.8 

Crucible-charge,  ] 

Furman's, 

. 

4.06 

4.59 

Scorification  charge,  Furman's, 

.... 

4.05 

4.55 

A  sample  of  high-grade  Cripple  Creek  telluride-ore  was  next 
prepared  and  assayed  with  the  use  of  (1)  the  ordinary  crucible- 
charge  ;  (2)  crucible-charge  No.  3  ;  (3)  the  ordinary  scorifica- 
tion-charge ;  and  (4)  an  improved  scorification-charge ;  four 
assays  being  made  by  each  method,  under  similar  conditions 
as  to  temperature  and  time,  and  four  beads  from  each  charge 
being  weighed  together,  re-cupelled  into  one  with  addition  of 
silver,  and  parted. 
VOL.  XXVI. — 32 
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Charges. 


Results, 


Ordinary 

Crucible 

Charge. 

A.  T. 

Improved 

Scoriflcation 

Cliarge. 

A.  T. 

Ordinary 

Seoritication 

Charge. 

A.  T. 

Ore,  .... 

0.25 

0.1 

0.1 

Litharge,  . 

1.00 

1  (.cover) 

Soda  bicarbonate, 

1.00 

Argol, 

0.05 

Granulated  lead, 

2 

1.5 

Borax  glass 

cover. 

cover. 

Ozs. 
Gold. 

cover. 

per  ton. 
Silver. 

Ordinary  crucible  charge. 

. 

52.8 

3.975 

No.  3,    . 

54.905 

4.945 

Ordinary  seorification 

charge, 

. 

48.75 

2.9 

Improved  seorification  charge, 

. 

55.82 

4.608 

Attempts  to  improve  the  peld  of  crucible-cliarge  is"©.  3  by 
various  alterations  gave  negative  results. 

It  will  be  noticed  that  the  results  vary  widely,  and  that  the 
losses  shown  in  the  use  of  the  ordinary  charges  are  so  great  as 
to  render  this  matter  of  the  assay  of  these  ores  exceedingly  im- 
portant. In  general,  if  the  assayer  obtains  a  good  melt  with 
clean,  glassy  slag  and  a  clean,  malleable  button,  he  is  apt  to  be 
content  with  his  result ;  all  of  the  above  assays  gave  good  clean 
slag  and  clean  malleable  buttons,  yet  the  loss  in  gold  varied  to 
a  maximum  of  about  29  per  cent. 

Although  it  would  have  been  interesting,  no  attempt  was 
made  to  recover  the  gold  and  silver  absorbed  by  the  cupels,  and 
thus  to  determine  by  difference  the  amount  lost  by  volatiliza- 
tion ;  since,  as  before  stated,  these  experiments  were  made  to 
determine  an  assay-charge,  if  possible  a  crucible-charge,  which 
could  be  safely  used  upon  a  sufficient  quantity  of  ore  to  give 
weighable  returns  with  low-grade  ores.  It  is  probable  that  the 
percentages  of  loss  by  absorption  and  volatilization  would  have 
been  relatively  similar  to  those  determined  later  on. 

It  was  considered  as  a  result  of  the  above  experiments  that 
crucible-charge  Xo.  3  could  be  safely  used  upon  the  Potsdam 
gold-ores,  at  least  upon  such  of  them  as  were  under  examina- 
tion, although  for  rich  unoxidized  tellurides  the  improved  scori- 
fication-charge  (practically  the  same  as  Furman's)  is  undoubt- 
edly preferable,  making  use  of  a  smaller  amount  of  ore. 

Examination  of  Potsdam  Ores. — Two  samples  of  ordinary 
Potsdam  ores  were  taken,  one  a  red  ore  apparently  completely 
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oxidized,  the  other  a  blue  ore  sliowine;  pyrite,  fluorite  and  uTp- 
suiii.  Microscopic  sections  were  made,  niagnitied  a))out  10 
diameters  and  photographed.  (See  Figs.  1  and  2.)  Under  the 
microscope,  No.  1  (Fig.  1)  sliowed  a  thoroughly  reorganized 
sandstone  containing  some  limonite,  probably  from  the  oxida- 
tion of  pyrite,  and  innumerable  veinlets  of  quartz  which  pre- 
sent a  beautiful  comb-structure. 

No.  2  (Fig.  2)  presents  under  the  microscope  the  fippearance 
of  a  sandstone  highly  altered  by  silicitication.  The  section 
shows  many  druses,  lined  with  innumerable  small  quartz 
crystals,  and  containing  calcite,  fluorite  and  pyrite.  Much 
pyrite  is  elsewhere  visible. 

Assays  of  these  ores  before  and  after  screening  gave  the  fol- 
lowing results  : 

Percent.  Ozs.  pcrton. 

Mesh.  of  weight.        Gold.         Silver. 

Red  ore,— No.  1,  .     .     not  screened  100.0  0.574  2.875 

coarser  than  20  0.8  0.562  2.920 

20  to  40  19.2  0.581  2.845 

40  to  60  11.2  0.556  2.890 

60  to  80  16.8  0.560  2.875 

80  to  100  7.2  0.565  2.830 

finer  than  100  44.8  0.582  2.760 

Blue  ore,— No.  2,  .     .     not  screened  100,00  0.325  1.055 

coarser  tlian  20  0.23  0.330  1.02 

20  to  40  34.47  0.315  1.04 

40  to  60  17.96  0.295  1.00 

60  to  80  12.50  0.320  1.03 

80  to  100  10.93  0.32G  1.02 

finer  than  100  23.91  0.330  1.05 

The  results  of  the  above  assays  indicate  a  very  even  distri- 
bution of  the  precious  metals  throughout  the  ore.  Analyses 
of  the  ore  give  the  following  results  : 

Red  Ore,— No.  1. 

Per  cent. 
SiO,, 8J-40 

AlA, ^-^^ 

Fe.A. 7.28 

CaO, 0-85 

MgO, 0.25 

SO3 3.71 

Xe     .        . 8.426  ozs.  per  ton 

Au',    '.        ' 0.574    "     "      " 

Ag, 2.875    "     "      " 

100.61 
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Blue  Ore,— No.  2. 

Per  cent. 

SiO, 68.748 

Al.A, 3.072 

Fe, 13.289 

S, 11.728 

CaSO^,  2H2O  (gypsum), 0.833 

CaFj, 0.784 

P-A, 0.842 

Te, 4.03   ozs.  perton 

Au, 0.325  "     "      " 

Ag, 1.055  "     "      " 

99.296 

An  examination  of  the  above  analyses,  which  may  be  con- 
sidered as  typical^  indicates  that  oxidizing  action,  in  changing 
a  bine  to  a  red  ore,  has  only  found  it  necessary  to  form  solu- 
ble salts  chiefly  of  the  pyrite,  thereby  remo^^ng  iron  and  sul- 
phur and  increasing  the  per  cent,  of  silica. 

Experiments  in  Roasting. 
Samples  were  taken  of  a  very  rich  telluride-ore  from  Boulder 
County^  Colo.,  and  c^f  a  rich  red  Potsdam  ore ;  the  Colorado  ore 
sho"^ving  much  metallic  substance  and  the  Potsdfim  ore  showing 
none.  Of  each  of  these  samples  two  one-fourth  assay-ton  charges 
were  taken ;  one  charge  of  each  ore  was  roasted  in  the  muffle  for 
fifteen  minutes  at  a  cherry-red ;  the  four  charges  were  then 
made  up  according  to  crucible-charge  'No.  3,  smelted  and 
cupelled  at  the  same  time,  with  the  following  assay-results : 

Ozs.  per  ton. 
Gold.  Silver. 

Eaw  telluride-ore, 180.66  2041.82 

Roasted  "  166.6  2022.36 

Loss  by  roasting, 14.06  29.46 

Raw  Potsdam  ore, 22.80  3.16 

Roasted  "  22.76  2.84 

Loss  by  roasting, 0.04  0.32 

In  roasting  the  Colorado  ore  puffed  up  greatly.  The  slag 
from  the  raw  sample  was  red  and  transparent,  while  the  slag 
from  the  roasted  sample  was  dove-colored  and  opaque. 

A  rich  Cripple  Creek  telluride-ore  was  then  taken.  Two 
one-fourth  assay-ton  charges  wore  smelted  with  crucible-charge 
No.  3,  one  sample  having  been  previously  roasted  at  a  cherry- 
red  for  fifteen  minutes.     The  lead  button  from  the  roasted  sam- 
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pie  was  made  up  to  the  weight  of  tlie  other  with  pure  lead  foil, 
and  hoth  buttons  were  cupelled  at  the  same  time,  with  the  fol- 
lowing assay-results : 

Ozs.  per  ton. 
Gold.  Silver. 

Kawore 109.6  667.71 

Boasted  ore, 106.00  629.5 

Loss  in  roasting,    .         .         .         .         .        .         3.60  38.21 

The  tellurium  was  determined  in  this  ore  and  found  to 
amount  to  1173.8  ounces  per  ton;  this  would  give  the  silver- 
gold-tellurium  compound  the  following  proportions  : 

Per  cent. 

Tellurium, .         .     60.16 

Gold, 5.61 

Silver, 34.23 

showing  the  mineral  to  be  sylvanite. 

One  assav-ton  of  the  same  ore  was  placed  in  an  iron  retort 
having  an  upright  inlet-tube  and  the  usual  curved  delivery- 
tube.  The  latter  was  about  24  inches  long,  and  was  connected 
by  15  inches  of  glass  tube  with  the  bottom  of  a  calcium-chlo- 
ride tower  which  was  nearly  filled  with  acpta  regia.  A  very 
slow  current  of  air  was  aspirated  through  the  apparatus  for  one 
hour,  during  which  time  the  retort  was  heated  to  a  red  heat. 
During  the  operation  the  cover  of  the  retort,  as  well  as  both 
tubes  leading  into  it,  became  very  loose.  After  cooling  the 
apparatus  the  ore  was  taken  from  the  retort  and  assayed,  with 
the  following  results : 

Ozs.  per  ton. 
Gold.  Silver. 

Kawore, 109.60  667.71 

Ketortedore, 100.50  633.15 

Loss, 9.10  34.56 

Of  the  above  loss  there  was  recovered  from  the  aqua-regia  solu- 
tion 0.03  ounce  of  gold,  1.10  ounces  of  silver  and  10.87  ounces 
of  tellurium.  These  results,  though  they  do  not  quantitative! v 
determine  the  possible  saving  of  the  volatilized  metals,  conclu- 
sively prove  the  loss  of  those  metals  by  volatilization;  had  the 
apparatus  been  better  arranged  doubtless  results  more  in  ac- 
cordance with  the  total  losses  would  have  been  obtained. 

A  series  of  roasting-experiments  were  next  made  upon  various 
samples  of  Potsdam  ores  as  follows : 


49-1     OCCURRENCE    AND    BEHAVIOR    OF    TELLURIUM    IN    GOLD-ORES. 


Assay. 


Raw. 


Name  of  Qre. 


Russell  (red)  kidney  ore, 
with  sulphurets 

Welcome  (blue)  (Figure  8) 

Welcome  (redi „ 

Welcome  (blue)  sulphur- 
etted  

Double  Standard  (red) 

McPherson  (red) 

Golden  Reward  (red) 

Tornado  (red) 

Ross-Hannibal  (blue) 

Hardscrabble  (red) 


Ounces  per  Ton. 


Te. 


16 
12 
26.69,1.928 


0.72 
4.36 


17|0.86 
78  1.22 
044.61 
.58  3.42 
56  3.44 
24:0.44 
20,5.20 


Ag. 


58.52 
16.01 
11.172 

5.79 
0.87 
5.52 
3.43 
3.36 
255.08 
4.8 


Roasted  20 
Minutes. 


Ounces 
per  Ton. 


0.64 
4.30 
1.70 


0.82 
1.17 
4.56 
3.30 


Ag. 


Roasted 
1  Hour. 


Ounces 
per  Ton. 


Au. 


57.86  0.60 
15.50' 4. 25 
10.10:1. 51 


5.64  0.80 
0.851.01 
5.123.92 
3.25  3.25 
3.21 

0.41  25i'.341. .'.... 

5.041     4.6I1 


Ag. 


Loss  Per  Cent. 


20  Minutes. 


54.90  11.10 
14.36  1.37 
9.96  11.80 


5.55 
0.80 
4.72 
3.22 
3.14 


4.65 
4.09 
1.08 
3.56 


Ag. 


1.12 
3.18 
9.59 

2.59 
2.29 
7.24 
5.24 


6.81 
3.07 


1.47 
3.95 


1  Hour. 


Au. 


Ag. 


6.18 
10.30 
10.80 

4.14 
8.04 
14.49 
6.12 
7.44 


Average  per  cent,  of  Loss 5.281 


4.074  11.446 


8.438 


Taking  an  average  of  the  gold,  silver  and  tellurium  in  the 
nine  ores  in  the  above  table  (omitting  the  Ross-IIannibal  blue 
sample^  since  its  large  silver-contents  make  it  exceptional)  we 
have : 

Per  cent. 

Tellurium, 59.97 

Gold, 7.64 

Silver, 32.39 

which  answers  very  well  for  the  composition  of  the  mineral 
sylvanite.  As  all  but  three  of  the  nine  ores  seem  to  be  com- 
pletely oxidized,  this  result  indicates  that  little  if  any  of  the 
tellurium  is  lost  by  solution  as  a  result  of  the  oxidization  of 
tellurides. 

The  average  losses  in  silver  and  gold,  as  calculated  from  the 
above  roasting-experiments,  are  probably  of  only  approximate 
numerical  value,  since  they  are  obtained  from  the  examination 
of  only  a  small  number  of  samples,  which  difter  widely  in 
mineral  character,  some  samples  containing  much  sulphur  and 
iron  as  pyrite,  much  fluorite  and  some  gypsum,  others  much 
ferric  oxide,  some  fluorite  and  very  little  sulj^hur;  while  small 
amounts  of  phosphorus  and  traces  of  copper  were  found  in 
some  of  the  ores,  one  sample  contains  considerable  uranium 
phosphate  or  torbernite,  and  all  of  the  samples  carry  varying 
amounts  of  tellurium,  as  shown  in  the  table.     If  the  percent- 
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ages  of  lofis  in  any  pair  of  ores  in  the  above  table  are  com- 
pared it  will  be  noticed  that  there  is  much  irregularity ;  the  losses 
seem  to  follow  no  lixed  law.  This,  as  suggested  above,  is  doubt- 
less a  i'unc'tion  of  dift'ering  mineral  character,  and  it  is  also  very 
likely  that  unavoidable  slight  changes  of  temperature  in  the 
furnace,  during  the  roasting,  may  have  had  an  appreciable  effect 
in  this  respect.  Attention  is  called,  therefore,  not  so  much  to 
the  losses  numerically  reported  as  to  the  general  fact  of  a  con- 
stant, appreciable  loss. 

Losses  by  Absorption. 
The  ill  effect  of  tellurium  upon  the  precious  metals  at  ordi- 
nary furnace-temperatures  is  not  evidenced  alone  by  losses 
through  volatilization,  but  even  more  forcibly  by  losses  from 
absorption,  whereby  the  precious  metals  are  carried  into  the 
slag  to  be  absorbed  by  the  cupel,  pot-  or  furnace-lining,  as  the 
case  may  be.  This  effect  seems  to  be  due  to  a  partial  destruc- 
tion of  the  cohesion  between  the  molecules  of  the  precious 
metals,  rendering  the  metals  more  fluid  and  carrying  them  off, 
by  a  sort  of  entrainment,  along  with  the  waste  products.  The 
following  experiments  were  made  upon  pieces  of  gold-bullion 
which,  by  careful  assay,  contained  83.29  per  cent,  of  gold  and 
16.91  of  silver : 


Cupelled  with  5  parts  of  metallic 

tellurium  gave, 
Recovered  from  cupel, 

Total  amount  recovered, 

Lost  by  volatilization, 

Percentage   absorbed   by  the  cupel,    Au,    13.44;  Ag,  27.08. 
Percentage    lost     by    volatilization,    Au,    5.65;  Ag,  0.69. 

(2)  28  45  mgms.  bullion  containing  by  assay,  .     23.64  4.810 

Cupelled  with  15  parts  of  metallic 

Au.  Ag. 

tellurium  gave,         .         .         .     14.30        3.025 
Recovered  from  cupel,  .         .       8.09         1.701 

Total  amount  recovered, 22.39  4  726 

Lost  by  volatilization, 1.25  0.084 

Percentage   absorbed   by   the   cupel,   Au,    34.22;  Ag,  3"). 78. 
Percentage    lost     by    volatilization,    Au,    5.28  ;  Ag,  1.75. 


Ozs. 
Au. 

pet 

■ton. 
Ag. 

ning  by  assay, 

24.761 

5.U39 

lUic 

Au. 

Ag. 

.     20.05 

3.639 

.       3.31 

1.365 

. 

23.360 

5.004 

1.401 

0.035 
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Ozs.  per  ton. 
Au.  Ag. 

(3)  22.17  mgms.  bullion  containing  by  assay,  .     18.422        3.748 

Cupelled  with  15  parts  of  metallic 

Au.  Ag. 

selenium  gave,     ....     10.725       1.875 

Recovered  from  cupel,  .        .       5.500       1 .200 


Total  amount  recovered, 16.225         3.075 


Lost  by  volatilization, 2.197         0.673 

Percentage  absorbed  by  the  cupel,  Au,  29.85  ;    Ag,    32.01. 
Percentage   lost   by   volatilization,    Au,    11.92 ;    Ag,    17.95, 

In  each  of  the  above  experiments  the  metals  were  wrapped 
in  a  12-gramme  cornet  of  pure  lead  foil,  and  all  were  cupelled 
at  the  same  time. 

Microscopic  Examinations   of  Samples  from  Potsdam 
Ore-Bodies. 

The  figures  here  referred  to  have  been  made  from  photographs 
of  thin  rock-sections  magnified  about  10  diameters. 

Figs.  1  and  2  have  already  been  described. 

Fig.  3  shows  a  breccia,  highly  stained  with  iron  and  filled 
with  fiuorite.  It  is  greatly  oxidized  and  decayed,  but  shows  a 
piece  of  shale  and  many  quartz  grains.  The  section  was  made 
from  a  piece  of  gold-ore  of  medium  grade,  which  was  taken 
from  the  vicinity  of  one  of  the  mineralizing  verticals  in  the 
Welcome  mine. 

Fig.  4  shows  an  unquestionably  igneous  rock,  from  its  silica 
content  (76.02  per  cent.)  a  rhyolite.  It  is  a  piece  of  blue, 
pyritous  ore,  of  good  grade,  from  the  Welcome  mine.  The 
original  rock  much  resembles  that  from  which  Fig.  2  was 
made,  and  the  sources  of  the  two  samples  are  but  a  short  dis- 
tance apart. 

Fig.  5  shows  a  bluish,  cavernous  or  cellular  quartzite,  with 
no  visible  pyrite,  the  cavities  of  which  are  lined  with  druses  of 
quartz  crystals.  It  is  from  a  piece  of  high-grade  blue-ore  from 
the  Welcome  mine. 

Figs.  6,  7  and  8  show  quartzites  stained  with  limonite,  and 
cavities  lined  with  druses  of  quartz  crystals.  Thoy  are  all 
from  samples  of  high-grade  (20-ounce),  brown  rotsdam  gold- 
ores. 

Fig.   9  shows  druses    of    quartz    crystals    and    decomposed 
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pyrite.  The  quartzes  arc  most  beautifully  banded,  showing 
layers  of  growth.  This  was  taken  from  a  sample  of  light- 
colored  Potsdam  ore,  of  good  grade,  from  Yellow  Creek. 

Fig.  10  shows  a  porphyritic  rock,  surcharged  with  pyrite; 
orthoelase  is  recognizable  in  numerous  large  crystals,  together 
with  some  plagioclase.  The  ground-mass  contains  some  glass, 
and  is  penetrated  by  numerous  veinlets  of  infiltrated  quartz.  It 
is  an  orthoc'lase-porphyry.  This  sample  was  taken  from  a  piece 
of  dike-rock  from  Bryant's  claim  on  Squaw  Creek.  It  yielded 
on  assay  1.725  ounces  of  gold,  7.25  ounces  of  silver  and  32.7 
ounces  of  tellurium  per  ton.  A  chemical  analysis  of  this  sam- 
ple yielded : 

Per  cent. 

Silica, 58.800 

Alumina, 13.780 

CaO, 8.750 

MgO, 504 

Kp, 9.035 

Fe, 4.032 

S, 4.693 

Total, 99.591 

There  was  also  a  small  amount  of  sodium  which  was  not 
determined. 

Fig.  11  shows  a  porphyritic  rock  containing  much  pyrrho- 
tite ;  dark  silicates,  badly  altered  by  remnants  of  augite,  are 
recognizable ;  large  plagioclase  crystals  abound  in  a  finely  crys- 
talline ground-mass.  The  rock  is  a  porphyrite  from  Two-Bit 
gulch;  it  yielded  upon  assay  2.01  ounces  of  gold  and  5.27 
ounces  of  silver  per  ton,  but  no  tellurium.  The  plate  is  included 
in  this  article  for  comparison  with  Fig.  10. 

Figs.  10  and  11  both  represent  dike-rocks  of  very  similar 
appearance  to  the  naked  eye ;  but  under  the  microscope,  as  in 
the  photograph,  Fig.  10  shows  secondary  mineralizing  action 
in  the  numerous  distinct  veinlets  of  infiltrated  quartz,  while 
Fig.  11  does  not.  In  the  orthoclase-porphyry  of  Fig.  10  we 
find  pyrite  and  sylvanite;  in  the  porphyrite  of  Fig.  11  the  gold 
and  silver  are  associated  with  pyrrhotite. 

The  microscopic  examination  of  the  samples  here  considered 
shows  tliem  to  be  sandstones  partially  or  completely  altered  by 
silicification.  Specimens  of  igneous  origin,  such  as  that  of 
Fig.  4,  are  traceable  generally  to  the  contact  of  the  intrusive 
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mineralizing  dikes  with  the  quartzites  and  sandstones,  and,  while 
resembling  the  latter  in  carrying  gcdd,  owe  their  roek-charac- 
ter  to  the  former.  In  cases  where  oxidizing  agents  have  not 
acted,  mineralized  dike-rocks  bear  the  appearance  and  charac- 
ter shown  in  Fig.  10 ;  but  generally  such  mineralizing  dikes 
(or  "  verticals  ")  seem  to  have  suffered  oxidation  together  with 
a  part,  at  least,  of  the  ores,  or  impregnated  beds,  traversed  by 
them. 

The  mineralization  of  the  altered  sandstones  seems  to  be  due 
to  metasomasis,  as  formerly  suggested  by  Dr.  Carpenter;*  the 
source  of  this  mineralization,  however,  to  be  generically  refer- 
able to  profound  rather  than  to  superficial  sources,  as  a  second- 
ary result  of  igneous  action.  With  regard  to  the  ores  of  the 
character  shown  in  Fig.  10,  which  resembles  in  mineral  con- 
tents and  rock-character  the  ores  of  Cripple  Creek,  Colo.,  it 
should  be  said  that  few  such  deposits  have  been  recognized  in 
the  Black  Hills,  but  they  may  yet  become  of  great  economic 
importance. 

The  Effect  of  Tellurium  on  Metallurgical  Processes, 
Since  tellurium  has  been  recovered  in  every  analysis  made  of 
the  Potsdam  ores  considered  in  this  article,  it  may  be  well  to 
consider  the  probable  effect  of  that  metal  upon  the  saving  of 
the  precious  metals  by  the  various  metallurgical  processes  in 
present  use  upon  these  ores  in  the  Black  Hills ;  and  this  review 
may  well  include  also  the  question  of  the  saving  of  the  tellurium 
itself,  since  there  is  some  evidence  that  that  metal  may  have 
commercial  value. 

Regarding  the  treatment  of  telluriferous  gold-  and  silver-ores, 
we  have  the  article  by  Dr.  E.  Priwoznik,t  in  which  he  gives 
the  history  of  foreign  experiment  in  this  connection  about  as 
follows  :  In  the  50's  (as  probably  now)  the  tellurides  brought  to 
the  Royal  Smelting- Works,  at  Zalathna,  in  Siebenbiirgen,  were 
treated  in  two  classes,  poor  and  rich ;  the  one  being  roasted 
and  the  other  cupelled  with  lead  direct,  in  both  cases  with  a 
large  loss  of  tellurium,  silver  and  gold. "  Experiments  were 
begun  at  these  works,  in  1878,  to  produce  impure  tellurium  by 
extraction  from  the  ores  with  concentrated  sulphuric  acid, 

*  Report  Dak.  School  of  Alines,  p.  127.    See  also  his  paper,  l^ans.,  xvii.,  570, 
passiyn.  f   Ueber  das  Vorkommen  von  Tellur.     Vienna,  1893. 
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The  credit  of  being  the  first  to  manufacture  telhirium  in  hirge 
quantities  is  given  by  Dr.  Priwoznik  to  Councillor  Alexander 
Lowe,  who  commenced  to  experiment  in  1838,  and  prosecuted 
the  work  till  1854,  upon  bliittererz  (telluride  of  lead  and  gold 
with  sulphides  of  lead,  copper  and  antimony)  from  Nagyag. 

His  method  consisted  in  first  moistening  the  pulverized  ore 
with  dilute,  cold  hydrochloric  acid,  to  remove  carbonates  of 
lime,  magnesium  and  manganese  ;  further  amounts  of  acid  were 
added  till  effervescence  ceased;  the  ore  was  then  washed,  dried 
and  warmed  with  concentrated  sulphuric  acid,  during  which 
operation  sulphurous  and  hydro-sulphuric  acids  reacted  to  form 
free  sulphur.  This  treatment  was  carried  on  in  closed,  cast- 
iron  vessels,  connected  through  the  covers  by  lead  pipes,  with 
a  chimney  having  a  good  draft.  After  cooling,  the  ore  was 
transferred  to  a  lead-lined  vat  containing  water,  and  stirred 
with  wooden  stirrers.  Hydrochloric  acid  was  added  to  pre- 
cipitate the  silver,  and  in  the  filtrate  from  this  combination, 
Lowe  precipitated  the  tellurium,  in  an  impure  state,  by  means 
of  zinc.  The  residue,  containing  the  lead,  silver  and  gold,  was 
smelted  with  lead  to  bullion,  and  cupelled. 

Lowe's  work  was  continued  by  Max  Lill  von  Lilienbach,  who, 
in  1858,  recovered  from  Siebenbiirgen  ores  about  5  pounds  of 
tellurium,  which  was  precipitated  by  sulphurous  acid,  and  which 
sold  for  about  $20.00  per  pound. 

Methods  for  the  treatment  of  tellurides  were  proposed  by 
Prof.  IL  Schwartz  in  1867,  and  by  Prof.  F.  Stolba  in  1870,  but 
received  little  attention. 

In  1871,  Anton  Schrotter,  Director  of  the  Royal  Mint  at 
Vienna,  began  to  experiment  upon  the  tellurides  from  Nagyag. 
His  method  consisted  in  dissolving  both  gold  and  tellurium, 
leaving  the  silver  in  the  residue.  Fifty  kilogrammes  of  rich 
telluride-slimes  were  treated  with  dilute  hydrochloric  acid  to 
remove  carbonates,  the  mass  losing  in  this  operation  about  30 
per  cent,  in  weight.  It  was  then  washed  several  times  by  de- 
cantation,  and  then  heated  with  hydrochloric  acid  till  gas  ceased 
to  come  off.  The  wet  residue  was  then  placed  in  a  porcelain 
dish,  covered  with  strong  hydrochloric  acid,  and  dilute  nitric 
acid  was  added  ;  after  action  had  ceased,  aqua  regia  was  added. 
The  solution  was  made,  and  the  residue  was  white.  Water 
and  hydrochloric  acid  were  then  added  to  keep  the  telluric  acid 
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in  solution,  and  the  solution  was  filtered.  The  filtrate  contained 
the  gold,  tellurium,  selenium,  lead,  copper,  arsenic,  manganese, 
antimony  and  iron ;  the  silver  being  in  the  residue. 

To  precipitate  the  gold,  Schrotter  first  used  a  concentrated 
solution  of  ferrous  sulphate ;  later  he  used  oxalic  acid,  or  gly- 
cerine, in  neutral  solution. 

The  separation  of  tellurium  was  next  made  in  the  filtrate  from 
the  gold,  by  passing  sulphurous-acid  gas,  without  warming  and 
with  the  addition  of  water.  The  addition  of  water  is  necessary, 
because  in  concentrated  solutions  a  point  is  reached  where  fur- 
ther additions  of  sulphurous-acid  gas  no  longer  throw  down 
tellurium. 

Attempts  seem  to  have  been  made  to  separate  the  selenium 
which  was  always  present,  by  a  fractional  precipitation  with 
sulphurous-acid  gas.  Selenium  is  first  thrown  down  as  a  red 
precipitate,  and  later,  the  tellurium,  which  is  black. 

The  tellurium  was  melted  in  earthen  crucibles  (the  metal 
being  covered  with  a  thin  layer  of  sodium  hydrate)  and  poured 
into  chalked  iron-moulds ;  the  slag  was  worked  over  for  tel- 
lurium. 

The  quartzose  residue  from  the  first  operation,  containing 
silver  chloride,  lead-sulphate  and  oxy-chloride  of  antimony,  was 
smelted  with  litharge  and  soda. 

By  Schrotter's  method,  about  250  pounds  of  rich  tellurium- 
slimes  were  worked,  containing  by  smelter-assay  about  5.37 
pounds  of  gold  and  2.19  pounds  of  silver,  2  per  cent,  being 
deducted  from  the  assay-value  of  the  ores  by  the  smelter  from 
which  they  were  purchased,  for  probable  loss  in  treatment.  isTot 
only  did  Schrotter's  treatment  recover  the  entire  amount  of 
gold  and  silver  called  for  by  the  original  assay,  but  also  some- 
thing more,  together  with  from  10  to  11  pounds  of  tellurium, 
worth,  according  to  the  price-lists  of  Trommsdorf  in  Erfurt  and 
Schuchardt  in  Gorlitz,  about  $90.00  per  pound. 

In  1874,  H.  Schnitzler  treated  some  tellurium-ores  by  Schrot- 
ter's method,  and  found  no  difficulty  in  melting,  in  porcelain 
crucibles  at  a  low  heat  and  without  the  addition  of  fluxes,  the 
tellurium  precipitated  by  sulphurous-acid  gas. 

In  1876,  Anton  Ilauch,  Director  of  the  chemical  laboratory 
at  Zalathna,  experimented  upon  the  treatment  of  tellurides. 
His  method  consisted  in  roasting  the   ores,  and  catching  the 
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fumes  in  dust-chambers,  whereby  about  one-half  of  the  gold  in  the 
roasted  ore  became  susceptible  to  amalgamation.  The  roasted 
material,  containing  considerable  manganese,  was  treated  in 
lead-lined  vessels  with  hydrochloric  acid,  the  evolved  chlorine 
dissolving  all  other  metals,  l)ut  leaving  the  silver  with  the  resi- 
due as  silver  chloride.  From  the  solution  lead  and  lime  were 
first  precipitated  as  sulphates ;  the  gold  was  next  precipitated 
with  ferrous  sulphate,  and  lastly,  the  tellurium,  by  means  of 
zinc.  The  silver  was  recovered  by  smelting  the  residue  with 
lead.  Regarding  this  process,  it  is  difiicult  to  obtain  accurate 
data,  either  as  to  the  practical  working  of  these  ores  by  amal- 
gamation, or  as  to  the  saving  from  the  flue-dust.  The  roasting 
experiment,  quoted  by  Lock  and  Becker  (cinte),  was  performed 
by  Hauch.  The  process  does  not  seem  to  have  received  general 
acceptance,  as  a  modification  of  Lowe's  process  has  been  used 
by  the  smelters  at  Schemnitz.  In  1878  and  1879,  110  kilo- 
grammes of  impure  (73-per-cent.)  tellurium  was  recovered  and 
sold  at  about  $7.25  per  pound. 

According  to  a  report  by  Bergrath  Johann  Dologh,  in  1891, 
Lowe's  method  was  applied  in  the  smelters  at  Zalathna  and 
Schemnitz  about  as  follows :  Lito  a  cast-iron  vessel,  fitted  with 
a  hood,  filled  with  hot  sulphuric  acid  (66  B.)  about  1  kilo- 
gramme of  fine  ore  was  introduced  every  five  minutes,  with 
stirring.  For  1  part  of  ore  from  1.2  to  1.4  parts  by  weight  of 
concentrated  sulphuric  acid  was  used,  and  the  mass  was  heated 
till  it  had  acquired  the  consistency  of  a  thick  paste.  After 
cooling  it  was  transferred  to  a  lead-lined  wooden  vessel,  diluted 
six  or  eight  times  with  water,  and  allowed  to  stand  twelve  hours, 
with  occasional  stirring,  hydrochloric  acid  being  added  to  pre- 
cipitate silver  and  to  dissolve  tellurous  acid.  After  settling, 
the  clear  solution  was  filtered  into  another  lead-lined  tank,  the 
residue  being  washed  with  water,  and  in  this  solution  the  tel- 
lurium was  precipitated  with  zinc.  To  each  metric  centner  of 
ore  4  to  5  kilogrammes  of  hydrochloric  acid  and  30  to  40  kilo- 
grammes of  zinc  are  sufiicient.  The  precipitated  tellurium  was 
washed,  dried  and  melted  in  a  porcelain  vessel  at  a  bright  red 
heat.  The  residue,  insoluble  in  sulphuric  acid,  was  mixed  with 
flue-dust  or  with  roasted  slimes  and  smelted  with  lead  for  the 
silver  and  gold. 

Li  1893  it  was  reported  that  no  tellurium  was  saved  at  Zal- 
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atlina,  all  the  ores  being  sent  to  Schemnitz,  where  they  were 
treated  bv  a  modification  of  Lowe's  method,  and  three  OTades 
of  tellurium  were  recovered,  viz. : 

28-per-cent.  tellurium,  which  sold  at  about  $3.20  per  kilo- 
gramme. 

40-per-cent.  tellurium,  which  sold  at  about  $4.80  per  kilo- 
gramme. 

60-per-cent.  tellurium,  which  sold  at  about  $9.60  per  kilo- 
gramme. 

The  foregoing  condensed  histor}^  of  the  treatment  of  tel- 
lurides  is  not  inserted  on  account  of  any  probable  value  in  the 
methods  described  for  application  to  American  practice,  particu- 
larly with  regard  to  the  Potsdam  ores  of  the  Black  Hills,  since 
the  character  of  the  ores  treated  and  the  general  conditions 
under  which  the  foregoing  methods  were  used  are  widely  dif- 
ferent from  those  existing  in  this  country.  The  matter  is  inter- 
esting, however;  and  it  evidences  a  persistent  and  successful 
attempt  to  save  tellurium  for  commercial  profit. 

To  return  to  the  subject  of  the  effect  of  tellurium  upon  metal- 
lurgical processes  (the  amalgamation  of  telluriferous  ores  being 
omitted  from  consideration),  we  may  view  the  matter  under  two 
heads : 

1.  With  reference  to  smelting  processes,  in  which  the  tellu- 
rium itself  is  lost ;  and 

2.  With  reference  to  processes  of  ore-treatment  in  which  the 
tellurium  may  be  saved. 

In  the  first  case,  where  telluriferous  gold-  and  silver-ores  are 
smelted  with  lead,  or  otherwise,  and  the  proportion  of  such 
ores  in  the  charge  is  relatively  small,  the  losses  of  gold  and 
silver  from  volatilization  may  be  lessened  or  completely  avoided, 
unless  the  ores  in  question  are  roasted  previous  to  smelting,  and 
the  losses  from  absor^Dtion  may  also  be  reduced  to  a  minimum. 

With  the  Potsdam  ores,  which  are  typical  dry  ores,  this  would 
be  eminently  true,  aud  it  might  be  supposed,  therefore,  that  a 
smelting-process  would  be  particularly  adapted  for  such  ores ; 
but  if  tellurium  itself  be  valuable,  and  if  it  can  be  saved  at  a 
reasonable  expense,  while  avoiding  its  sinister  eftect  upon  the 
silver  and  gold,  the  wet  methods  in  use  to-day  may  be  rendered 
preferable  on  that  account. 

Under  the  second  head  we  have  the  cyanide-  and  chlorina- 
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tion-proeesses.  In  the  cyanide-process,  the  cyanide-sohitions 
dissolve  teUurium  as  well  as  gold  and  silver;  in  the  precipita- 
tion by  means  of  zinc  the  three  metals  are  concentrated ;  the 
coarse  zinc  is  removed  by  passing  the  precipitated  slimes 
through  a  sieve ;  the  slimes  are  then  dried,  roasted  in  a  large 
mutHe,  treated  with  dilute  sulphuric  acid,  filtered,  washed, 
dried  and  melted  with  fluxes.  In  one  of"  the  newer  cyanide- 
mills  working  telluride-ores  from  Colorado,  the  ores  are  roasted 
previous  to  cyanidation,  in  order  to  remove  tellurium.  The 
history  and  effect  of  the  tellurium  in  the  cyanide-process  would 
then  be  about  as  follows : 

1.  If  the  ore  is  previously  roasted,  loss  of  precious  metals  and 
tellurium  by  volatilization. 

2.  Solution  of  tellurium  with  silver  and  gold. 

3.  Precipitation  of  tellurium  with  silver  and  gold  by  means 
of  zinc. 

4.  Loss  of  gold,  silver  and  tellurium  by  volatilization  in 
roasting  the  slimes. 

5.  Further  concentration  of  tellurium,  gold  and  silver  by 
treatment  with  dilute  sulphuric  acid ;  the  tellurium  not  being 
dissolved. 

6.  Further  losses  in  gold,  silver  and  tellurium  upon  smelt- 
ing, from  volatilization  and  absorption. 

In  the  chlorination-process,  as  practiced  upon  the  Potsdam 
ores,  the  ores,  either  red  or  blue,  are  roasted,  chloridized  and 
leached,  the  chloridized  filtrate  is  treated  with  sulphurous  acid 
to  reduce  free  chlorine,  and  with  hydro-sulphuric  acid  to  pre- 
cipitate the  gold;  the  slimes  are  collected,  dried,  roasted  in 
muffles  and  smelted  with  fluxes. 

In  this  process  the  history  and  effect  of  the  tellurium  would 
be  as  follows  : 

1.  Loss  of  precious  metals  and  tellurium  in  roasting. 

2.  Solution  of  tellurium,  silver  and  gold  by  means  of  chlo- 
rine. 

3.  Precipitation  of  tellurium  and  gold  in  the  filtrate  by  either 
sulphurous  acid  or  hydro-sulphuric  acid  and  concentration  of 
the  two  metals. 

4.  Loss  of  tellurium  and  gold  by  volatilization  in  roasting 
the  dried  slimes. 

5.  Loss  of  tellurium  and  gold  by  both  volatilization  and  ab- 
sorption in  smelting  and  cupellation. 
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It  may  be  truly  said  that  a  portion  of  the  losses  under  (5) 
may  be  avoided  by  reworking  all  slags,  pots  and  cupels ;  but 
that  this  is  a  difficult  and  expensive  operation  is  also  true ;  the 
slags  and  rich  refuse  have  a  way  of  accumulating  and  are  dif- 
ficult to  clean. 

In  the  chlorination  of  the  Potsdam  ores  both  the  red  or  oxi- 
dized ores  (rarely  carrying  over  3  per  cent,  of  sulphur)  and  the 
blue  or  unoxidized  ores  (rarely  carrying  over  13  per  cent,  of 
sulphur  and  probably  not  averaging  over  8)  are  roasted.  This 
should  be,  and  doubtless  is,  an  outcome  of  careful  experiments, 
and  whether  it  can  be  avoided  in  actual  practice  remains  to  be 
seen.  As  regards  the  red  ores,  the  question  of  roasting  or  not 
would  seem  to  be  dependent  upon  the  alternative  of  a  finer 
crushing  (with  some  additional  expense)  together  with  increased 
expense  in  filtration.  The  loss  then  from  volatilization  in  roast- 
ing must,  for  the  present,  continue.  A  large  portion  of  the 
subsequent  losses  could  be  avoided  by  treating  the  precipitated 
gold  slimes  with  strong  nitric  acid,  filtration  and  washing, 
w^hereby  the  gold  would  be  freed  from  tellurium,  second-group 
metals  and  other  foreign  material.  From  the  nitric  acid  solu- 
tion, the  tellurium  could  be  recovered  by  evaporation  to  dr}^- 
ness,  solution  in  dilute  hydrochloric  acid  and  precipitation  by 
sulphurous  acid  or  metallic  zinc.  In  tbe  nine  ore-samples  cited 
in  the  roasting-experiments  above,  there  was  shown  an  aver- 
age content  in  tellurium  of  about  22  ounces  per  ton,  and  it 
would  seem  highly  probable  that  this  metal  could  be  saved  for 
a  small  fraction  of  its  market-value  (and  a  market-value  would 
undoubtedly  develop),  at  the  same  time  avoiding  its  ill  efl^ect 
upon  the  saving  of  the  gold. 
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Gold  in  the  Guyanas. 

P.V    HENRY    G.    (JRAXGER,    BUENAVENTURA,    COEOMBrA,    S.    A. 

(Colorado  Meeting-,  September,  189fi.) 

During  upwards  of  three  thousand  miles  of  canoe-travel  in 
South  America,  including  several  misha})S,  the  writer  has  un- 
fortunateh'  lost  his  hook  of  notes  taken  durino-  the  year  1894 
in  Dutch  (ruvana,  or  Surinam.  l>ut  a  year  sjyent  in  a  foreign 
country,  visiting  its  prim-iiial  milling  jn'opcrties,  is  necessarily 
productive  of  indelil)le  memories  and  im[)ressi(^ns,  and  some  of 
these  may  he  of  interest  to  the  Institute. 

The  Guyanas  include  British,  or  Demerara,  Dutch,  or  Suri- 
nam, French,  or  Cayenne,  and  tlie  Disputed  Territory,  or  that 
portion  of  Brazil  on  the  northeast  coast  of  South  America. 
After  passing  the  picturesque  mountainous  coasts  of  Colomhia 
and  Venezuela,  one  reaches  a  low,  tlat  miid-liank  which  extends 
far  out  into  the  sea,  so  that  from  the  steamer,  OYcr  a  couple  of 
leagues  of  turhid,  shallow  water,  one  can  just  see  the  dismal 
outline  of  the  ]»estilential  "  ])usli  "  that  fronts  the  Carihhean 
sea,  clear  around  to  tlie  mouth  of  the  Amazon.  Here,  in  the 
order  mentioned  ahove,  are  the  (Tuyanas.  So  iiiiic]i  lias  1>een 
said  ahout  this  out-of-the-way  section  during  the  late  excite- 
ment over  the  Venezuela  boundary  question,  that  the  historical 
part  of  the  subject  may  be  advantageously  condensed. 

Gold-mining  in  the  Guyanas  is  altogether  placer-mining,  and 
is  of  tlie  same  general  nature  througliout;  hence  l)y  describing 
tlie  methods  in  use  in  Siiriiiaiu  and  the  results  there  achieved, 
an  idea  will  ha  given  of  the  work  throughout  tlie  tield.  The 
]>roduct  of  this  section  is  about  three  to  four  millions  of  dollars 
annually,  mostly  from  Demerara,  not  because  of  superior  rich- 
ness of  its  placers,  but  as  a  result  of  its  very  much  larger  j>opula- 
tion,  which  exceeds  twice  the  aggregate  census  returns  (»f  both 
Surinam  and  CavtMiiic.  Mining  in  all  this  section  is  of  coiii- 
jiaratively  recent  date,  ami  is  indirectly  (hic  id  the  di-clinc  of 
the  sugar-indiisti'v.      Aftei'the  int nxhiction  ot' liect-sugar  scores 


GOLD    IN    THE    GUYANAS.  517 

of  cane-plantations  which  had  been  the  source  of  annual  for- 
tunes to  their  absentee-owners  were  compelled  to  cease  opera- 
tions, the  only  sursivors  being  those  equipped  with  vacuum-  and 
other  very  costly  process-plants.  For  a  long  time  it  had  been 
known  that  in  the  interior,  inhabited  only  by  "  bush-niggers  " 
(escaped  slaves  who  live  in  their  native  African  simplicity)  and 
occasional  bands  of  Carib  Indians,  there  was  gold.  Attention 
was,  therefore,  turned  to  mining  as  a  means  of  livelihood ;  and 
the  industry  reached  its  present  development  about  a  dozen 
years  ago. 

To  the  regular  course  of  events  there  have  been  three  note- 
worthy exceptions.  The  first  was  the  "  Lava "  rush,  which 
occurred  several  years  ago  near  the  head-waters  of  the  Marowyn 
river,  dividing  Surinam  from  Cayenne.  Here,  amid  privation 
and  pestilence  and  extreme  lawlessness,  several  hundred  pounds 
of  gold  were  taken  out  in  a  few  weeks ;  and,  as  a  result  of  the 
discovery,  permanent  placer-workings  were  established  on  both 
the  Dutch  and  the  French  sides  of  the  river. 

Then  followed  the  quartz-excitement  in  Demerara  in  1893 
and  1894.  The  manager  of  one  of  the  placers  discovered  a 
quartz-ledge,  a  sample  of  which  showed  gold.  With  the  lack  of 
engineering  prudence  which  has  been  characteristic  throughout 
the  Guyanas,  he  immediately  ordered  a  ten-  or  twenty-stamp 
mill.  After  costly  transportation,  this  was  finally  brought  on 
the  ground  and  erected.  The  most  extravagant  hopes  were 
entertained  as  to  its  success,  and  the  excitement  stirred  the 
entire  colony.  After  just  six  days'  run  the  entire  "  gash-vein  " 
had  been  worked  out,  and  the  plant  was  abandoned. 

The  third  excitement  was  the  "  Disputed  Territory  "  rush  in 
1894.  Several  negroes,  experienced  in  the  placers  of  Cayenne, 
made  a  trip  into  the  uninhabited  land  across  the  French  border. 
After  their  supplies  had  run  out  they  returned  with  about  thirty 
pounds  of  gold  apiece.  Xaturally  nearly  every  able-bodied  man 
in  the  colony  followed  them  back.  The  news  was  flashed  over 
the  West  Indian  cable,  and  the  rush  began.  For  about  four 
montlis  every  steamer  was  crowded  to  its  utmost  capacity  with 
men  from  the  West  Indies,  Central  America,  and  some  even 
from  Europe,  bound  for  the  new  field.  Ninety  per  cent,  of  the 
adventurers  had  never  seen  a  mine  of  any  description.  Those 
first  on  the  ground  made  a  good  thing  of  it ;  but  after  the  arrival 
VOL.  XXVI. — 34 
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of  the  crowd  of  upwards  of  five  thousand  men,  of  different  na- 
tionalities, speaking  different  languages,  it  was  impossible  to 
establish  even  the  semblance  of  such  mining  laws  as  were  cus- 
tomary in  the  early  days  on  our  Pacific  coast.  Labor  could 
not  be  had  except  at  the  generally  prohibitive  rate  of  twenty 
grammes,  or  about  $11.00  per  day  and  "  found,"  the  latter  item 
amounting  to  nearly  as  much  as  the  wage.  When  a  gang 
started  work  on  a  creek  that  proved  to  be  rich,  others  would 
start  in  immediately  above  and  below  them  ;  and  lucky  was  the 
man  who  was  not  robbed  at  night  of  the  dust  he  had  panned 
out  in  the  batea  during  the  day.  Starvation  and  fever  rapidly 
did  their  work ;  and  those  who  lived  were  thankful  to  get  away 
with  their  experience.  This  territory  is  now  in  dispute  between 
Brazil  and  France,  and  regular  workings  cannot  be  established 
until  it  has  been  placed  under  the  laws  of  one  country  or  the 
other.  This  having  been  done,  the  region  will  doubtless  be- 
come fairly  productive. 

Paramaribo  is  the  source  of  all  labor-  and  food-supplies  in 
Surinam.  Labor  has  to  be  contracted  before  a  commissioner, 
for  a  period  of  from  three  to  four  months,  at  the  rate  of  1,25 
guilders,  or  about  fifty  cents  gold  per  day,  with  rations  and 
medicines  free.  The  weekly  ration  is  6  pounds  of  rice,  3  pounds 
of  flour,  2  pounds  of  dried  peas,  2  pounds  of  salt  beef,  1|- 
pounds  of  salt  pork,  1  pound  of  dried  fish,  1  pint  of  mo- 
lasses, and  ^  pound  of  leaf-tobacco.  A  month's  pay  has  to 
be  advanced  to  the  laborers  before  they  leave  town.  They 
are  all  negroes,  speaking  a  simple  patois,  which  is  a  combi- 
nation of  English,  French,  Spanish,  Dutch  and  Portuguese, 
quickly  mastered  by  a  foreigner.  Some  speak  also  English  and 
Dutch. 

The  rivers  of  the  colony  are  the  Marowyn,  Coremtyn,  Com- 
mewyn,  Surinam  and  Saramacca,  the  latter  two  being  the  ave- 
nues of  access  to  the  best  producing  placers. 

Claims  are  taken  up  by  going  to  the  government  office  and 
designating  on  a  map  the  locality  desired,  having  the  quantity 
of  land  (not  less  than  200  hectares*)  marked  off  by  scale,  and 
paying  a  year's  tax.  For  the  first  three  years  this  tax  is  4 
cents  in  gold  per  hectare,  for  the  fourth  year  10  cents,  and  for 

*  The  hectare  is  2.47  acres. 
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the  fifth  and  suhseqiient  years  20  cents,  per  hectare.     If  one 
desires  to  prospect  new  p^ronnd  a  certain  number  of  leagues 
distant  from  any  working-placer,  a  large  tract  may  be  marked 
ofl;  free  of  taxation  for  the  first  year.     It  is  against  the  law  to 
prospect  or  work  ground  that  has  not  been  regularly  taken  up. 
Kegroes  frequently  evade  this  regulation  by  taking  up  a  small 
tract  at  random,  thereby  being  enabled  to  pass  the  police-sta- 
tion, and  then  working  wherever  they  find  gold.     If  they  are 
arrested  on  information  obtained  through  rivals,  they  generally 
escape  by  saying  that  their  ground  wasn't  surveyed  and  they 
didn't  know  where  it  was.     It  is  well  to  say  here  that  if  a 
placer-claim  has  not  had  a  compass-line  cut  around  it  under  the 
eye  of  a  government  surveyor,  intruders  cannot  be  prevented 
from  working  right  on  the  land,  even  though  two  or  more  of 
the  boundaries  may  be  defined  by  streams. 

The  gold  of  the  colony  varies  from  fine  dust  to  coarse  nug- 
gets. One  beautiful  specimen  of  the  latter  has  been  found, 
weighing  33  metric  pounds,  i.e.,  16.5  kilos.,  or  about  530  ounces 
Troy.  After  local  exhibition,  it  was  ruthlessly  consigned  to 
the  melting-pot. 

On  both  the  Surinam  and  the  Saramacca,  small  open  steam- 
ers make  occasional  trips  from  Paramaribo  to  the  rapids  in 
from  three  to  five  days,  according  to  the  state  of  the  river. 
Within  the  city-limits  begins  a  12-mile  canal,  connecting  the 
Surinam  and  Saramacca  rivers.  By  far  the  larger  part  of  the 
several  thousand  gold-diggers  in  this  colony  reach  their  claims 
in  open  row-boats,  requiring  from  six  to  sixteen  days,  accord- 
ing to  the  location  of  the  placers. 

The  metal  is  found  under  the  following  conditions  : 
a.  In  creeks  of  heavy  grade,  where  the  "  cargo  "  is  brown 
hematite-ore,  from  small  pebbles  to  large  boulders.  Plere  the 
gold  is  apt  to  be  coarse  and  is  saved  by  ground-sluicing  into  a 
string  of  from  3  to  6  telescope-boxes,  12  feet  long  and  tapering 
from  14  to  11  inches.  In  such  workings  great  care  must  be 
taken  in  the  clean-up  ;  for  many  pieces  which  seem  to  be  simply 
iron  pebbles  and  do  not  catch  a  particle  of  quicksilver,  prove 
on  fracture  to  be  solid  gold  with  a  mere  jacket  of  hematite. 
The  only  indication  of  their  value  is  their  specific  gravity.  In 
such  a  manner  was  found  the  above-mentioned  33-pound  nug 
o-et.     In  such  creeks  the  workable  ground  is   generally  con 
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fined  to  a  narrow  strip,  which  can  be  worked  out  with  the 
progress  of  a  single  Hne  of  shiices. 

h.  In  creeks  of  less  grade,  where  the  "  cargo  "  is  quartz  and 
hematite,  mixed  with  granite,  syenite  and  slate.  Here  the 
working  is  by  telescope-boxes  in  strings  of  from  5  to  8.  The 
head-box  is  laid  on  the  creek-bed,  and  the  water  is  sent  through 
the  string  by  a  couple  of  small  earthen  wing-dams  at  the  upper 
end.  The  gravel  is  then  shoveled  into  the  boxes.  The  fine 
"  cargo  "  which  escapes  the  fork-man  is  discharged  into  an  ar- 
tificial tail-race,  kept  open  by  one  or  more  laborers.  The  worka- 
ble ground  here  is  somewhat  wider  than  in  (a),  but  can  gener- 
ally be  handled  at  one  run.  The  gold  will  vary  from  fine 
particles  to  small  nuggets. 

c.  In  creeks  the  grade  and  method  of  working  of  which  is 
the  same  as  (6),  but  in  which  the  cargo  is  entirely  quartz- 
gravel,  as  sharp-cornered  as  though  just  discharged  from  a 
crusher.  This  quartz  is  mixed  with  a  clay,  the  consistency  of 
which  is  such  that  it  will  generally  disintegrate  in  from  8  to 
12  boxes.  The  ground  is  generally  wide  enough  to  permit  two 
or  three  parallel  cuttings.  The  gold  is  fine,  and  so  much  is  lost 
in  the  first  operation  that  the  ground  is  generally  worked  over 
a  second,  and  occasionally  even  a  third,  time. 

d.  In  deep  flats  terminating  quartz-creeks  (c),  or  occupying 
a  position  where  there  was  a  level  stretch  in  the  course,  and  the 
auriferous  deposit  has  spread  to  a  width  of  sometimes  over 
100  yards  and  a  length  of  half  a  mile.  In  such  there  is  gener- 
ally a  "  dublay  "  or  stripping  of  from  4  to  8  feet  and  from 
18  inches  to  3  feet  of  gravel  beneath.  The  working  here  is 
done  by  parallel  cuts,  similar  to  the  Florida  phosphate-mining 
familiar  to  members  of  the  Institute ;  only,  instead  of  throwing 
the  "  dublay  "  of  the  first  cut  all  to  one  side,  it  is  generally 
thrown  to  both  sides,  and  the  next  cut  has  either  to  rehandle  it 
or  skip  the  strip  of  ground  beneath.  When  grade  will  allow,  and 
the  consistency  of  the  clay  matrix  is  not  too  stiti",  this  is  washed 
by  a  string  of  sluices  into  an  artificial  tail-race.  Otherwise 
it  is  washed  by  long-toms.  The  general  long-tom  practice  is  to 
have  one  man  stripping,  one  loading  and  two  "  chopping  "  with 
the  long,  flexible-handled  hoes.  The  average  dimensions  of  the 
Surinam  tom  are  :  a  body  3  by  12  feet;  sides  1  foot  high,  plate 
with  |-inch  holes,  at  an  angle  of  45°.     Catch-box  4  feet  long, 
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sides  6  inches  high  and  tapering  from  3  feet  6  inches  wide  to  15 
inches  at  the  mouth,  and  having  three  Lith  ritHes.  A  little 
mercury  is  thrown  into  the  box  and  above  the  first  riffle  in  the 
catch. 

e.  The  banks  of  the  hills  bordering  on  creeks  with  "  cargo  " 
of  hematite  and  quartz,  are  sometimes  workable,  either  on  the 
surface  (in  which  case  the  pay  will  not  extend  over  a  deptli  of 
2  feet,  and  run  from  $1.00  to  $2.00  per  square  yard)  or  by 
drifting  out  a  rich  clay  under  a  cap  of  hematite.  In  the  latter 
case  the  writer  has  seen  ground  ranging  all  the  way  from  $5.00 
to  $50.00  per  cubic  yard.  The  usual  mode  is  to  carry  the 
material  in  trams  or  barrows  and  wash  in  sluices  or  toms. 

In  nearly  every  case  the  bed-rock  is  a  tolerably  stift'  clay, 
often  with  a  distinct  line  of  demarcation  between  the  gravel  or 
pay-clay  and  the  bed-clay.  Sometimes,  however,  the  appear- 
ance of  both  the  auriferous  and  barren  clays  is  identical,  and 
only  by  constant  proving  with  the  hatea  can  one  tell  where  to 
stop  working.  In  this  bed-clay  are  occasionally  found  small 
but  solid  layers  of  hematite,  that  begin  with  the  termination  of 
the  pay  and  incline  at  a  sharp  angle.  In  the  gold-fields  of 
other  countries  the  writer  has  seen  instances  of  clay-beds  with 
these  hematite  streaks  carrying  pay-gravel  over  them,  and,  at 
varying  depths  underneath,  another  pay-streak  with  heavier  gold 
over  the  true  bed-rock ;  but  so  far  as  he  is  aware,  no  one  in 
Surinam  has  ever  had  the  curiosity  to  sink  for  the  true  bed- 
rock and  find  what  it  showed. 

The  writer  has  seen  a  very  few  cases  there,  where  in  working 
very  steep  creeks  wnth  frequent  high  falls,  the  usual  clay  was 
not  found,  and  the  bed-rock  was  gneiss. 

The  accepted  rule  is,  that  ground  shall  be  worked  as  long  as 
it  pays  3  grammes  ($1.60)  per  day  per  laborer.  Experience 
shows  that  this  is  about  the  minimum  limit  for  making  a  profit 
over  all  expenses.  An  item  of  expense  that  occasionally  comes 
heavily  on  the  operator  is  sending  sick  men  to  town,  which, 
on  placers  where  there  is  no  graduate  physician,  the  law  com- 
pels after  a  laborer  has  been  sick  in  camp  three  days.  The 
usual  sickness  is  malarial  fever,  which  often  proves  fatal.  The 
best  agent  to  combat  malaria  is  "  Warburg's  Tincture,"  in  tab- 
let form,  as  prepared  by  standard  chemists  in  both  England 
and  the  United  States.     Consumption  is  by  no  means  rare,  and 
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leprosy  is  frequently  met  with,  especially  among  the  "hush- 
niggers."  Such  is  the  general  fear  of  the  bush-fevers  that  the 
owners  of  some  of  the  principal  placers  of  the  colony,  though 
they  have  become  enriched  thereby,  have  never  visited  their 
properties. 

There  have  been  two  attempts  made  by  European  genius  to 
work  Surinam  placers  by  machinery.  In  one  case  a  plant  w^as 
put  up  that  would  have  been  a  treasure  to  any  manganese- 
miner.  Loaded  cars  were  elevated  to  the  top  of  the  building, 
and  the  material  was  sent  through  a  long  string  of  sizers  and 
jigs.  In  the  other  case,  a  steam-shovel  loaded  the  gravel  into  a 
patent  amalgamator,  where  little  jets  of  water  were  to  keep  the 
pebbles  jiggling  while  the  gold  got  against  the  copper-plates. 
Both  were  flat  failures. 

The  principal  placers  range  from  2000  to  10,000  hectares  in 
area.  A  few  words  concerning  the  average  operation  will  be 
convincing  as  to  their  richness.  The  object  of  the  laborer  is 
generally  to  do  as  little  work  as  he  can,  and  not  be  sent  to  camp 
and  fined  for  refusing  duty ;  and  rare  indeed  is  the  laborer  who 
will  handle  over  3  cubic  yards  per  day.  The  laborer  knows 
that  the  labor-supply  is  smaller  than  the  demand ;  and  such  a 
state  of  affairs  has  never  been  an  incentive  to  best  efforts.  The 
function  of  the  native  foreman  is  generally  simply  to  see  that 
the  laborer  doesn't  steal,  and  to  take  the  chief  hand  in  the  daily 
clean-up.  The  superintendent's  or  manager's  chief  duty  is  to 
see  that  the  foreman  doesn't  steal ;  and  the  laborer  works  the 
placer  about  as  he  pleases.  It  is  quite  safe  to  say  that  in  a  large 
proportion  of  cases  the  labor  accomplishes  but  little  over  half 
what  could  easily  be  done  with  proper  direction.  A  lack  of 
knowledge  of  the  rudiments  of  mining  and  business  methods  is 
the  general  characteristic  of  the  operation  of  Surinam  placer- 
properties.  Not  one  claim  in  ten  has  been  mapped  out,  with 
its  creeks  and  banks  and  elevations  located,  and  the  prospect- 
value  of  the  workable  points  noted.  The  custom  is  that  when 
a  paying  creek  is  found,  a  camp  is  started,  and  work  is  confined 
to  this  one  creek  as  long  as  there  is  a  particle  of  pay  in  it.  Then 
a  period  of  demoralization  ensues,  while  search  is  instituted  for 
a  new  pay-creek.  Often,  when  it  is  found,  the  cream  of  it  has 
been  already  taken  by  the  laborers  in  night-  and  Sunday- 
work. 
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One  placer,  under  native  manap^ement,  which  had  been  a 
heavy  producer  for  years,  showed  a  particuhirly  marked  absence 
of  method.  On  one  side  of  a  large  hill  the  writer  was  shown 
a  3-foot  qnartz-vein,  which,  in  a  pan-test  of  lumps  roughly 
knocked  off,  showed  free  gold.  This  could  be  readily  traced 
for  half  a  mile.  There  had  never  been  an  assay  of  this  ore. 
There  was  not  even  the  beginning  of  a  shaft  sunk  on  it,  although 
it  had  been  known  for  a  number  of  years.  On  the  other  side 
of  the  hill,  where  there  had  never  been  an  outcrop  seen,  the 
writer  was  shown  an  excavation  (then  filled  with  water)  10  feet 
wide,  20  feet  deep  and  75  yards  long.  He  was  told  that  this 
was  a  cut,  run  in  the  hope  of  striking  a  quartz-vein.  A  little 
lower  down  on  the  same  side  he  was  shown  a  well-timbered 
tunnel,  into  which  a  span  of  horses  and  a  top-buggy  could  have 
been  driven.  It  was  explained  that  this  prospect-drift  had 
been  so  run  in  order  that,  in  the  event  of  striking  a  vein,  it  could 
be  worked  with  double-track  trains.  Thence  the  writer  was 
taken  a  little  distance  to  where  40  laborers  were  running  into 
the  hillside  an  open  cut  about  100  yards  long.  It  was  being 
run  through  a  very  stiff  clay  shale,  and  carried  on,  for  the 
upper  part,  in  steps  requiring  double  handling.  Then  when 
the  steps  got  too  deep,  it  was  picked  down  and  run  out  in  a 
tram.  This  cut  was  10  feet  wide,  and  was  to  be  some  50  feet 
deep  at  the  terminus,  and  was  for  the  purpose  of  tramming  out 
some  rich  gravel  that  a  few  prospect-pits  had  shown  on  the 
hillside.  In  this  material  four  men  could  have  driven  an  arch- 
roofed  tunnel  at  the  rate  of  10  feet  per  day,  that  would  not  have 
required  a  stick  of  timber  except  to  lay  the  tracks  on.  To 
meet  such  a  tunnel  with  a  shaft,  and  chute  the  gravel  into  the 
trams,  would  not  seem  a  difficult  problem ;  but  such  an  arrange- 
ment had  never  occurred  to  the  management. 

The  foreign  engineers  brought  to  the  colony  have  generally 
been  one  extreme  or  the  other — either  the  intensely  theoretical 
man,  without  common-sense  or  mining  experience,  two  in- 
stances of  whose  misguided  genius  have  been  given,  or  else, 
what  is  equally  dangerous,  the  so-called  "  practical  "  man,  to 
whom  a  mathematical  instrument  is  a  useless  encumbrance, 
and  the  tabulated  results  of  careful  tests  and  long  experience 
are  a  superfluity — the  man  who  "  can  tell  it  by  his  eye."  One 
of  the  latter  class,  an  English  "  captain,"  laid  out  some  work  on 
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the  property  of  an  Irishman,  who,  after  thirty  years  of  fruitless 
rushing  to  nearly  every  gold-field  in  the  world,  had  made  his 
"  strike  "  in  Surinam.  In  the  first  place,  it  was  a  case  for  drift- 
ing, but  he  laid  it  out  for  ground-sluicing.  He  had  to  work 
about  six  acres  of  ground  with  a  gentle  grade  to  the  north. 
The  bank  was  from  18  to  25  feet  high,  and  entirely  covered 
with  a  solid  layer  of  hematite  from  5  to  10  feet  thick.  Not  a 
pit  was  sunk  to  prospect  the  ground  ahead.  Three  ground- 
sluices  were  started  at  the  north  end.  Every  afternoon  a  cer- 
tain amount  of  the  cap  was  blasted  off;  the  mornings  were 
spent  in  breaking  np  and  piling  away  the  products  of  the 
evening's  blasts,  and  a  few  hours'  run  was  made  after  dinner 
on  the  exposed  clay.  When  a  sluice  had  a  couple  of  days'  bad 
run,  it  was  knocked  off  and  started  in  again  further  to  one 
side.  The  water  for  this  operation  was  stored  in  a  small  res- 
ervoir, which,  at  proper  grade,  could  have  been  supplied  from 
the  neighboring  creek  in  a  1500-foot  ditch.  But  the  "  captain  " 
went  three  miles  up  the  mountain,  and  tapped  the  stream  near 
its  source,  and  brought  it  down  on  an  average  grade  of  about 
a  foot  to  the  rod.  Naturally,  about  one  day  in  six  was  spent  in 
repairing  the  ditch.  After  everything  had  been  clogged  up 
with  blocks  of  hematite,  the  work  was  changed  to  drifting, 
but  still  no  prospecting,  and  the  scene  resembled  rather  a 
ground-hog  burrow  than  the  systematic  drift-mine  that  it  should 
have  been. 

It  can  be  safely  stated  that  no  great  bargain  can  be  made  in 
buying  a  Surinam  placer.  A  good  mine  requiring  such  simple 
means  to  work  it  as  are  there  successful,  is  never  an  elephant 
on  its  owner's  hands.  The  only  purchase  of  any  note  has  been 
a  warning  esiimple.  A  number  of  years  ago  an  energetic  for- 
eigner, ignorant  of  all  classes  of  mining,  but  bent  on  making  a 
"  deal,"  brought  out  a  so-called  expert,  and  made  a  hasty  exam- 
ination of  a  large  property  that  had  been  a  heavy  producer  for 
years.  Fabulous  amounts  were  judged  to  be  "  in  sight,"  and 
an  option  was  secured.  The  property  was  bought,  and  a  large 
working  capital  was  provided.  The  production  gradually  fell 
oft",  and  manager  after  manager,  after  the  failure  of  his  eftbrts, 
retired  in  despair.  Finally,  a  California  "  practical  man  "  made 
several  ineft'ectual  attempts  to  restore  life  by  the  hydraulic  sys- 
tem, and  then  the  property  was  shut  down — the  investors  being 
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a  quarter  of  a  million  out  of  pocket.  The  writer  saw  an  ele- 
vator put  in  by  the  "  practical  man,"  a  brief  description  of  the 
remarkable  construction  of  which  will  possibly  be  of  interest. 

"With  the  idea  of  working  a  flat  of  several  acres,  showing  a 
little  gold,  a  string  of  sluices  was  erected  with  the  head-box  12 
feet  from  the  bed-clay.  At  each  end  of  a  section  of  pipe,  7 
inches  in  diameter,  a  bend  was  made  in  opposite  directions  at 
angles  of  about  70°,  the  upper  one  resting  in  the  head-box  and 
the  lower  one  on  the  clay.  Aimed  at  a  short  distance  from  the 
lower  mouth  of  the  pipe  was  the  nozzle  of  a  No.  1  monitor, 
which  was  connected  with  piping  up  the  hillside  to  a  pressure 
of  140  feet.  The  gravel  was  to  be  ground-sluiced  to  the  mouth 
of  the  pipe.  All  was  made  ready,  and  both  the  ground-sluice 
and  the  monitor  were  started.  The  natural  result  was  that  all 
that  was  seen  of  the  monitor  was  a  boiling  spring  of  muddy 
water,  and  the  elevator  didn't  elevate. 

In  fine  contradistinction  to  the  general  rule  is  the  work  of 
Mr.  J.  J.  Schofield,  a  young  Englishman,  whose  family  now 
reside  in  Philadelithia,  who,  in  a  number  of  years'  practice  in 
the  colony  as  a  consulting  engineer,  has  planned  and  syste- 
matized the  working  of  several  of  the  most  successful  placers. 

"  Strikes  "  in  Surinam  of  ground  yielding  for  a  time  over  a 
pound  a  day  to  the  ton  or  sluice,  are  not  rare ;  and  Barnett's 
yield  in  1886  and  1887  of  a  net  profit  of  over  half  a  million 
dollars  will  compare  favorably  with  the  record  of  any  placer  in 
any  field. 

The  following  are  the  six  principal  placers,  with  their  reputed 
yields  and  present  condition : 

Barnett's, 13,000,000.00  Producing. 

Green's, 1,000,000.00  Protlucing. 

Mueller's  and  de  Joug's,         .         .  500,000.00  Producing. 

Dr.  Solomon's,        ....  500,000.00  Shut  down. 

Montana  mine,        ....  250,000.00  Producing. 

Savanna  mine,         ....  150,000.00  Shutdown. 

There  is  an  export-duty  on  gold  of  5  per  cent. 

The  question  naturally  arises.  What  does  the  future  offer  for 
gold-mining  in  Surinam?  Quartz-mining,  with  the  proper  men 
to  develop  it,  should  have  a  future  in  this  country.  Up  to  the 
present  time  it  is  an  absolutely  virgin  field.  A  number  of 
veins  are  known,  some  of  them  carrying  free  gold,  but  not  a 
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step  has  been  taken  to  develop  this  branch  of  the  industry. 
Regarding  phieer-mining,  the  writer  is  of  the  opinion  that  under 
the  present  conditions  of  labor-contracts  and  transportation  of 
food-supplies,  all  the  ground  within  available  distance  that  is  of 
any  value  has  been  taken  up.  The  great  interior,  higher  and 
healthier,  i«  untrodden  by  the  prospector's  foot.  Surinam, 
though  a  colony  of  Holland,  has  the  management  of  its  aifairs 
in  its  own  hands.  Its  people  are  intelligent  and  anxious  for 
progress.  It  is  very  probable  that  any  responsible  parties 
who  would  go  to  the  government  with  something  like  the  fol- 
lowing proposition  would  meet  with  acceptance. 

Selecting  a  tributary  to,  say,  the  Saramacca  river,  flowing 
from  the  west,  which  could  not  be  reached  in  less  than,  say, 
sixteen  days'  canoeing,  ask  the  government  for  an  exclusive 
concession  for  forty  years  (the  term  of  all  their  mine-grants) 
for  all  the  territory  south  of  the  chosen  tributary  and  west  of 
the  river,  upon  the  condition  of  payment  of  export-duty  for  all 
the  gold  taken  out,  a  monthly  tax  of,  say,  $100,  and  non- 
abandonment  for  over  one  year.  The  concession  should  include 
the  right  to  introduce  laborers  from  the  West  Indies  (where 
they  are  a  drug  on  the  market)  on  contracts  of  not  less  than  a 
year,  and  police  authority  over  them. 

During  preliminary  reconnaissance,  a  plot  of  ground  could 
be  planted,  with  the  assistance  of  "  bush-niggers,"  with  yams, 
cassava,  okra,  peppers,  bananas  and  other  tropical  vegetables,  in 
sufficient  quantity  to  supply  a  number  of  men.  A  single  hunter 
would  keep  meat  on  hand  for  a  company ;  and,  after  things  were 
in  order,  all  that  it  would  be  necessary  to  bring  in  would  be  salt, 
rice,  coffee,  and  compressed  delicacies  for  the  head  camp.  Such 
a  venture  would  cost  no  great  sum,  and  would  very  possibly  be 
productive  of  satisfactory  results  in  both  quartz-  and  placer- 
discoveries. 


[Secretary's  Note, — Mr.  Granger  being  professionally  oc- 
cupied in  the  interior  of  Colombia,  it  has  not  been  possible  to 
secure  from  him,  down  to  the  date  of  putting  these  pages  to 
press,  any  revision  of  the  proofs  of  his  paper.  If  corrections  or 
additions  should  be  received  before  this  volume  is  completed, 
they  will  be  published  in  the  latter  part,  under  "Discussions."] 
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Traces  of  Organic  Remains  From  the  Huronian  (?)  Series, 
at  Iron  Mountain,  Mich.,  Etc. 

BY  W.    S.    GRESLEY,   F.G.S.,    ERIE,   PA. 

(Colorado  Meeting,  September,  1896.) 

The  traces  of  fossils  herein  described  were  discovered  in  or 
upon  piles  or  heaps  of  iron-ores  upon  the  docks  at  Erie,  Pa. 
The  author  has  worked  among  these  ore-piles  since  1890,  when 
his  attention  was  first  directed  to  what  looked  like  organic  re- 
mains upon  certain  specimens  collected.  All  the  specimens 
described  and  figured  herein  were  found  by  him,  and,  as  no  iron- 
ore  is  used  at  Erie,  and  no  other  iron-ores,  save  those  of  the 
Lake  Superior  region,  find  their  way  to  the  stock-piles  at  this 
place,  there  can  be  no  question  but  that  the  specimens  in  ques- 
tion are  genuine  ore  transported  from  that  region  over  the 
great  lakes,  and  cannot  have  been  brought  in  from  other  iron- 
ore  regions.  The  author  has  reason  to  think  that  no  fossil  re- 
mains have  been  reported  hitherto  as  occurring  in  the  iron-ores 
of  the  Lake  Superior  region,  and  he  believes  that  these  speci- 
mens, however  imperfect,  rank  among  the  oldest  forms  of  which 
man  has  any  knowledge. 

The  illustrations  are  engraved  from  photographs  of  drawings. 
The  specimens  themselves  have  not  been  photographed,  because 
their  condition  would  have  prevented  bringing  out,  by  that 
process  of  reproduction,  all  the  markings  as  clearly  as  is  neces- 
sary, and  would  have  rendered  the  specimens  otherwise  less 
distinct  by  reason  of  the  blotchy  character  of  their  colors,  the 
presence  of  cracks,  or  of  marks  more  or  less  in  contact  with 
those  of  the  organisms.  In  drawing  these  remains,  therefore, 
I  left  out  everything  upon  the  specimens  of  ore  that  did  not 
seem  to  belong  in  any  way  or  contribute  to  their  value  as  illus- 
trations of  the  fossils.  According  to  information  obtained  from 
the  dock  superintendent  at  Erie,  Pa.,  the  majority  of  these 
specimens  came  from  the  Chapin  mine.  Iron  Mountain,  Meno- 
minee range,  Mich.     As  to  the  rest  of  them,  I  stupidly  failed 
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to  note  just  wliich  ore-piles  they  were  found  upon,  and  was 
therefore  unable  to  trace  them  further. 

What  do  these  forms  and  strange  markings  represent  ?  Un- 
able, though  greatly  desirous,  to  answer  this  question  conclu- 
sively, the  author  presents  these  illustrations  to  the  members  of 
the  Institute,  in  the  hope  that  some  explanation  may  be  given 
by  them,  and  that  his  discoveries  may  be  followed  up  by  other 
workers  in  similar  ores,  at  different  places,  in  order  that,  if 
possible,  more  numerous  and  better  preserved  specimens  may 
be  secured. 

Most  of  the  forms  or  markings  here  illustrated  occur  in  the 
shape  of  impressions,  depressions  or  channels  in  the  iron-ore ; 
the  rest  are  in  relief  and  are  composed  of  ore.  No  trace  of 
carbonaceous  or  animal  matter  has  been  observed ;  the  remains 
are  merely  casts,  moulds  or  replacements  of  or  by  the  ore,  what- 
ever the  original  rocks  may  have  been. 

With  the  exception  of  Figs.  8  and  9,  the  forms  and  markings 
all  occur  upon  planes  of  lamination  (or  original  bedding  or 
stratification  ?)  and  upon  flat  or  undulating  surfaces. 

Dendritic  markings  are  quite  common  in  some  of  the  lake 
iron-ores,  but  are  not  represented  in  any  of  those  here  illus- 
trated, l^or  do  any  of  these  markings  of  organic  remains  really 
represent  contortions  of  the  laminie  of  the  rock;  nor  are  we 
looking  at  twisted,  broken  and  weathered  edges  of  such  laminae 
or  banding.  But  that  one  or  two  of  the  figures  may,  in  reality, 
be  mere  accidents — nothing  more  than  formations  of  a  secondary 
(?)  nature,  such  as  concretionary  action  might  possibly  produce, 
or  markings  mechanically  produced,  I  am  prepared  to  believe. 
Doubts  may  also  be  entertained  as  to  the  organic  derivation  of 
what  is  seen  in  Figs.  2,  3, 4,  5,  7,  8,  9, 15  and  16.  Besides  those 
here  illustrated,  numerous  somewhat  similar,  though  perhaps 
less  interesting,  markings,  such  as  grooves,  running  in  various 
directions,  and  of  greater  or  less  dimensions  and  distinctness, 
have  been  detected.  I  have  also  discovered  distinct  rain-pittings, 
and  slates  of  the  more  shaly  or  slaty  ore  sometimes  reveal  what 
remind  me  strongly  of  the  fossil  mouths  of  vertical  worm-bur- 
rows, common  in  the  Portage  flags  of  Northwest  Pennsylvania. 
I  would  mention,  also,  the  discovery  of  various  phases  of  what 
seem  to  have  been  mud-flows,  ripple-  and  rill-marks,  sun-cracks, 
etc.,  all  in  tlic  same  ore. 
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The  important  foct  that  one  and  all  these  remains  (organic 
and  inorganic)  nnqnestionably  came  from  one  place  or  another 
in  one  or  more  of  the  Lake  Superior  iron-fields,  clears  the 
ground  for  further  observation  and  investigation  in  this  very 
interesting  field. 

A  fossil-hunter  among  these  ores  has  to  exercise  great  caution 
in  order  to  discriminate  between  true  or  natural  markings  on 
the  flatter  surfaces  of  the  specimens,  and  grooves,  scratches,  etc., 
produced,  in  some  way,  artijicially.  I  refer  here  to  numerous 
markings  doubtless  produced  by  abrasion  or  movement  of  the 
lumps  of  ore  upon  one  another  in  the  mines  or  in  handling  and 
during  transportation  to  docks — markings  that  are  often  hard 
to  distinguish  from  some  of  those  made  by  organisms  in  the 
original  sediments.  Depressions  or  grooves  that  are  found 
more  or  less  filled  with  ore  (often  of  a  different  color,  texture, 
etc.,  from  that  in  which  they  occur)  at  once  reveal  their  an- 
tiquity and  originality,  but  the  very  best  evidence  of  genuine- 
ness is  when  one  splits  a  piece  of  ore  and  finds  the  markings 
upon  the  newly-exposed  surfaces  within  (see,  for  example,  Fig. 
17). 

That  these  discoveries  are  of  some  importance,  not  only  to 
science  but  practically,  the  author  feels  disposed  to  think. 
Their  practical  value  may  be  said  to  consist  in  showing  that  it 
may  not  be  useless  to  search  for  iron-ore  in  other  fields,  the 
rocks  of  which  contain  similar  fossils.  As  to  the  scientific 
aspect  of  the  matter,  the  following  remarks  are  ottered : 

1.  The  presence  of  organic  remains,  or  traces  of  them,  in 
and  consisting  of  ores  of  iron  is  not  inconsistent  with  mineral- 
ogy, or  with  the  formation  of  large  masses  of  metallic  min- 
erals. 

2.  Those  who  would  assign  to  these  particular  ore-bodies  an 
igneous  origin,  regarding  them  as  formed  of  iron,  etc.,  directly 
derived  from  volcanic  sources,  i.e.,  as  primary  deposits,  ought 
to  explain  the  presence  of  organisms  in  connection  with  their 
theories. 

3.  If  we  regard  these  traces  of  fossils  as  those  of  shallow 
water  or  near-shore  habitat,  and  even  see  (as  I  believe  we  do) 
evidence  of  local  areas  of  dry  land  in  the  ore,  it  becomes  difli- 
cult  or  impossible  to  accept  the  conclusions  of  geologists  who 
are  inclined  to  suppose  that  the  original  strata  (now  converted 
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by  processes  of  concentration  and  replacement  into  ore)  were 
deep  oceanic  deposits,  almost  beyond  the  reach  of  muds  and 
fine  sediments. 

4.  That  the  characteristic  lamination  or  banding  of  the  iron- 
ore  is,  in  some  places,  an  original  structural  feature  of  the  rock, 
these  "  fossils  "  clearly  demonstrate. 

5.  They  add  something,  however  small,  to  our  still  very 
scanty  knowledge  of  the  fauna  and  flora  (?)  of  the  period  to 
which  they  belong,  be  it  Lower  Silurian,  Upper  Huronian,  or 
what  not. 

6.  If,  by  these  fossils,  the  true  age  or  relative  geological  hori- 
zon of  the  Chapin-mine  ore  can  be  determined  with  something 
like  accuracy,  possibly  geologists  will  be  able  to  correlate  the 
several  ore-bearing  members  or  series  lying  west  of  this  mine 
(perhaps  as  far  as  the  Mesabi),  and  eastwardly  into  Canada,  a 
subject  regarding  which,  unless  I  mistake,  they  are  not  yet 
agreed. 

7.  The  character  of  these  remains  will  not  support  the  theory 
which  has  been  advanced  that  the  iron-bearing  strata  were 
originally  limestone. 

8.  They  do  not  suit  the  precipitation-in- hot-water  theory  of 
the  ores. 

9.  I  am,  perhaps,  ignorant  of  much  of  the  published  geo- 
logical literature  of  the  Lake  Superior  iron  regions ;  but  the 
discovery  of  organic  remains  in  the  ore- bodies  themselves  would 
seem  to  demand  further  and  close  observation  by  competent 
men,  so  that  a  rather  more  rational  explanation  of  the  origin 
and  formation  of  the  ore,  than  has  hitherto  been  given,  be,  if 
possible,  arrived  at.  At  present,  the  question  appears  to  be 
very  obscure,  because  we  have,  it  seems,  reached  a  stage  at 
which  microscopic  evidence,  and  perhaps  chemical,  too,  are  at 
variance  with  palaeontology  and  stratigraphy,  and  the  question 
that  now  arises  is :  Is  it  for  the  microscopist  and  chemist  to 
modify  his  conclusions  to  meet  the  discoveries  of  the  palaeon- 
tologist, or  for  the  latter  to  regard  his  "  fossils  "  as  mere  acci- 
dents— not  organic  at  all — and  so  let  the  physicist  have  it  all 
his  own  way  ? 

K  the  petrographer  refuses  to  believe  that  Figs.  1,  6,  10,  11, 
12, 13, 14  and  17  are  markings  made  or  left  by  organisms,  then 
it  is  for  him  to  give  a  satisfactory  explanation  of  their  nature. 
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Reference  to  Illustrations. 

Fig.  1. — ProbaMy  remains  of  marine  plants  or  corals  (?),  Oldham ia  {?).  Upon  a 
thin  layer  of  softish,  fine-grained,  sandy,  purplish  iron-ore.  Locality, 
Chapin  mine.  Iron  Mountain,  Mich.     Magnified  two  diameters. 

Fig.  2. — Shows  roughly-parallel  rows  of  small  shallow  depressions  ;  some  plant 
(?),  or  possibly  ilattened  tracks  of  some  crawling  animals,  up(jn  the 
surface  of  a  layer  or  band  of  red,  earthy  iron-ore.     Locality  uncertain. 

Fig.  3. — Perhaps  casts  of  remains  of  plant-stalks.  Upon  the  surface  of  a  frag- 
ment of  purplish-red  ore.  Locality  uncertain,  but  the  same  as  that 
of  Fig.  2. 

Fig.  4. — Perhaps  filled-up  sun-cracks.  Occurring  as  ridges  on  laminre  of  a  frag- 
ment of  soft,  blue  iron-ore.  Locality  unknown,  but  the  same  as  that 
of  Figs.  2  and  3. 

Fig.  5. — Perhaps  the  imprint  of  the  cast  or  mould  of  a  fragment  of  a  marine 
plant.  Upon  the  surface  of  softish  lamina;  of  red  hematite.  Locality 
unknown. 

Fig.  6. — A  series  of  grooved  or  channeled  markings  upon  the  surface  of  a  slab 
composed  of  numerous  laminffi  of  softish,  reddish-purple  iron-ore.  Pos- 
sibly the  imprint  of  the  cast  of  some  portion  of  some  marine  inverte- 
brate. The  two  holes  on  the  right  may  be  transverse  sections  of  worm- 
burrows.     Locality,  Chapin  mine.  Iron  Mountain,  Mich. 

Fig.  7. — Perhaps  a  bit  of  some  marine  plant.  Composed  of  dark-red,  sandy  ore. 
Locality  unknown. 

Fig.  8. — Whitish,  softish,  siliceous  material,  in  reddish  inferior  ore.  Locality 
unknown. 

Fig.  9. — A  coral  (?)  or  plant  (?).  Composed  of  dull-grayish  quartzite,  or  some 
other  form  of  silica,  etc.  Occurring  upon  a  specimen  of  crumpled, 
soft,  sandy,  blue  iron-ore.  Locality,  Chapin  mine.  Iron  Mountain, 
Mich. 

Fig.  10. — Portion  (all  that  was  found)  of  a  shallow,  sinuous  and  overlapping 
channel,  the  track  or  trail  of  some  animal  (?).*  Upon  .the  surface  of 
larainje  in  softish,  purplish  ore.  Locality  not  certain,  but  probably 
Chapin  mine,  Mich. 

Fig.  11. — Possibly  tracks  of  some  crawling  animal;  but  that  on  the  left  reminds 
me  of  leaf-scars  seen  on  fragments  of  fossil  coal-{)lants.  Upon  the  sur- 
face of  soft,  pale-blue,  fine-grained  ore.     Locality,  Chapin  mine,  Midi. 

Fig.  12. — Tracks  of  crawling  animals  upon  nearly  flat  surface  of  a  slab  of  bluish- 
purple  laminse  of  sandy  iron-ore.  Note  the  parallelism  of  these  tracks. 
Tlie  grooves  running  diagonally  across  them  may  have  been  made  by 
plants  scraping  over  the  bottom  of  the  sea  or  lake.  Locality,  Chapia 
mine,  Mich. 

Fig.  12a. — A  few  individual  foot-prints  of  Fig.  12,  enlarged  four  times. 

Fig.  13. — Possibly  plant  remains,  or  animal  tracks  (?),  apparently  somewhat 
side-squeezed.  Upon  a  surface  of  a  fragment  of  a  band  of  fine-grained, 
purplish-red  iron-ore.  Upon  the  reverse  or  opposite  side  of  this  speci- 
men (which  is  about  %  inch  thick)  are  very  uniform  parallel  striae  or 

*  Compare  with  the  lower  left  part  of  Fig.  6.  Also  see  Hall,  Pal.  of  N.  Y.,  ,ii, 
PI.  XVI.,  and  Hitchcock,  Ichnol.  of  Mans.,  1858,  PI.  XX  VL,  Fig.  2  [Unisulcm  in- 
tei-medins),  "strikingly  resembling  trackway  of  the  common  earthworm  on  mud 
after  a  light  rain  in  summer."     See  also  Dr.  Walcott's  remarks,  below. 
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fine  grooves,  very  suggestive  of  flattened  bark  or  ribbed  plant-struc- 
ture.*    Locality,  Cliapin  mine,  Iron  Mountain,  Mich. 

Fig.  14. — Probably  track  of  some  crawling  animal,  f  Upon  a  bedding-plane  of  a 
bit  of  soft,  sandy,  purplish  iron-ore.     Locality  uncertain. 

Fig.  15. — About  one-eighth  of  the  surface  of  one  side  of  a  fragment  of  soft,  bluish, 
fine,  sandy  iron-ore,  exhibiting  side-squeezed  (?)  or  distorted  animal 
foot-prints  (?),  distorted  rain-spots  (?),  or  shrivelled  plant-remains  (?). 
Locality  uncertain. 

Fig.  16. — Possibly  a  bit  of  a  marine  plant.  Upon  the  surface  of  purplish  lamina 
of  ore.     Locality,  Chapin  mine  (?),  Iron  Mountain,  Mich. 

Fig.  17.— Fragment  of  fine-grained,  moderately  soft,  grayish-purple,  flat,  slate- 
like iron-ore  ;  upon  one  of  the  flat  surfaces  or  bedding  planes  of  which 
are  pinkish  mottled  areas  or  forms  resembling  organic  remains  (?), 
also  composed  of  fine  sandy-looking  material.  Locality,  Chapin  mine. 
Iron  Mountain,  Mich.     Enlarged  twice. 

Since  the  foregoing  was  written,  Science  has  published  (April 
24,  1896,  page  622),  the  following  note : 

Organic  Markings  in  Lake  Superior  Iron-Ores. 

At  the  instance  of  Dr.  Charles  D.  Walcott,  Director  U.  S.  Geological  Survey,  and 
■with  the  kind  permission  of  the  editor  of  this  paper,  I  beg  to  submit  the  following 
note,  hoping  that  the  subject  may  be  brought  to  the  notice  of  the  ofl5cers  of  the 
U.  S.  Geological  vSurvey,  the  Geological  Surveys  of  Michigan  and  Wisconsin, 
etc.,  as  well  as  that  of  all  field  workers  among  the  rocks  of  the  iron-ore  regions, 
whose  structural  and  palaeontological  geology  in  detail  has  yet  to  be  unraveled, 
or  is  at  present  being  worked  up  for  publication,  in  this  as  well  as  in  other 
countries. 

I  merely  desire  here  and  now  to  announce  the  discovery  of  traces  of  organic 
remains,  made  by  me  in  fragments  of  ii'on-ore  from  the  Chapin  mine,  Iron  Moun- 
tain, Menominee,  Michigan,  as  well  as  possibly  from  other  mines  on  the  same 
range  or  elsewhere  in  the  Lake  Superior  region.  It  is  hoped  shortly  to  publish 
a  much  fuller  account  of  my  work  in  this  connection,  in  another  place. 

During  the  period  of  18ij0-93  I  collected  a  considerable  number  of  specimens 
of  iron-ore  from  the  ore-piles  on  the  docks  at  Erie,  Pa.,  and  was  firmly  of  opinion 
that  some  of  the  markings  upon  them  or  in  them  were  of  organic  origin,  pro- 
duced by  animals  of  some  kind  ;  but  being  only  an  amateur  geologist,  I  decided 
to  submit  the  material  to  Prof.  H.  S.  William.s,  of  New  Haven,  Conn.,  for  ex- 
amination. After  seeing  the  specimens.  Prof.  Williams  kindly  wrote  :  "There 
are  certainly  some  among  them  which  resemble  very  strongly  the  tr.iilings  left 
by  worms  or  crawling  things  on  the  sand." 

The  material  was  then  forwarded  to  the  U.  S.  National  Museum,  Washington, 
D.  C,  where  Prof.  Charles  Schuchert,  assistant  curator  of  the  Museum — Smith- 
sonian Institution — examined  them,  and  said:  "The  specimens  of  the  Algonquin 
ores  contain  annelid  trails." 

Finally  they  were  placed  in  the  hands  of  Dr.  Charles  D.  Walcott  for  exami- 
nation, and  he  kindly  reported  aa  follows  :  "Most  of  the  specimens  from  the  Lake 
Superior  region  containing  '  traces  of  organisms  in  Lake  Superior  iron-ores  '  show 


*  Compare  with  this  parts  of  Figs.  1  and  2. 
t  See  Dr.  Walcott's  remarks,  below. 
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only  markings  of  medianical  origin.  A  few,  Nos.  10,  14,  A,  P]  and  G,  appear 
to  be  casts  of  the  trails  of  a  small  annelid,  and  are,  I  think,  organic.  It  is  not 
possible  to  identify  them  with  any  described  species.  For  convenience  of  refer- 
ence they  can  be  referred  to  the  genus  Planotitea." 

Prof.  C.  R.  Van  Hise,  geologist  in  charge  U.  S.  Geological  Survey,  Lake  Supe- 
rior Division,  also  saw  the  specimens,  and  remarks  that  in  his  opinion  the  markings 
might  possibly  have  been  produced  by  some  complex  movement  or  movements, 
but  that  they  are  very  peculiar,  and  in  any  ordinary  case  would  be  unhesitatingly 
accepted  as  organic.  My  long-since- formed  opinion  as  to  the  organic  origin  of 
these  markings  having  thus  been  confirmed  by  the  highest  authorities,  this  dis- 
covery will  doubtless  add  a  new  phase  to  the  question  or  controversy  regarding 
the  origin  and  age  of  the  lake-region  iron-ores,  and  iron  bearing  series  of  strata, 
and  also  should  tend  to  excite  renewed  and  closer  investigation  of  the  Iluronian 
rocks  in  search  of  better  "fossils"  than  mine,  which  surely  exist  and  will 
eventually  be  brought  to  light. 

Those  especially  interested  could,  no  doubt,  see  these  specimens  on  application 
to  Prof.  Schuchert,  at  Washington,  in  whose  care  I  propose  to  let  them  remain 
for  the  present.  W.  S.  Gre-sley. 

Erie,  Pa. 

The  note  in  Science  has  led  Dr.  N.  H.  Winehell,  editor  of 
The  American  Geologist,  to  remark  that  it  is  very  important  to 
ascertain,  if  possible,  from  which  of  the  two  iron  horizons  at 
Iron  Mountain,  Michigan,  my  specimens  came.  He  says  there 
are  two  distinct  iron-bearing  formations  in  the  Lake  Superior 
region,  which  formations  are  separated  by  a  very  pronounced 
unconformity.  He  regards  the  lower  formation  as  Archaean, 
and  the  upper  one  as  Taconic — i.e.,  Lower  Cambrian  (?)  or  even 
pre-Cambrian. 

Dr.  G.  M.  Dawson,  Director  of  the  Geological  Survey  of 
Canada,  says,  with  regard  to  my  Note,  "  More  traces  of  life  will 
undoubtedly  be  found  both  in  the  Huroniim  and  Animikie 
rocks." 

Sir  J.  W.  Dawson  writes  me,  calling  my  attention  to  his 
publication,  in  18G6  (^Quart.  Jour.  Geol.  *S^oc.,  London,  vol.  xxii.), 
of  distinct  worm-burrows  in  the  Hastings  series  of  Canada, 
probably  Huronian  or  older.  Also  to  his  Dawn  of  Life,  1875, 
p.  140,  as  well  as  to  his  Salient  Points  in  the  Science  of  the  Earth, 
1894,  p.  172. 

Lastly,  The  American  Geologist  for  August,  1896,  p.  123,  has 
the  following  editorial  comment : 

Supposed  Pre-Taconic  Organisms. 

"The  outlook  for  the  detection  of  organic  remains  in  Archaean  rocks  is  not  en- 
couraging.    Since  the  passing  of  Eozoon,  albeit  with  a  vigorous  kick,  there  seema 
VOL.  XXVI.— 35 
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to  have  been  a  panic  among  the  spectral  organisms  of  the  crystallines.  The 
Archaean  sponge  described  by  Matthew  turns  out  to  be  an  effect  of  crystallization  ; 
other  so-called  fossils  from  the  Canadian  Archaean  seem  to  be  largely  subjective  or- 
ganisms ;  and  now  the  radiolarians  and  sponges,  the  announcement  of  whose 
presence  in  the  crystalline  rocks  of  Brittany  elicited  wide-spread  interest,  after  an 
analysis  by  Rauff,  are  claimed  to  be  (the  radiolarians  probably  and  the  sponge 
spicules  at  any  rate)  only  mineral  aggregates.  So  it  has  become  evident  that  the 
determinations  of  the  palteontologist  in  this  field  will  no  longer  pass  muster  until 
reviewed  by  the  petrographer. 

"Of  another  sort  than  these  claimed  and  discredited  evidences  of  life  are  the 
supposed  annelid  trails  on  the  Huronian  iron-ores  of  Iron  Mountain,  Michigan,  re- 
cently described  in  Science  by  \V.  S.  Gresley,  and  the  probable  organic  origin  of 
some  of  which  has  received  the  endorsement  of  such  excellent  palaeontologists  as 
Dr.  Walcott  and  Mr.  Schuchert.  The  petrographer  has  not  yet  had  his  say  in  re- 
gard to  these  things,  and  though  the  rock-specimens  may  sliow  no  structural  char- 
acters which  will  serve  to  either  affirm  or  deny  the  organic  origin  of  these 
impressions,  they  will  not  be  admitted  as  a  demonstration  of  Archaean  life  without 
a  many-sided  scrutiny — the  more,  as  all  other  similar  claims  seem  to  be  so  rapidly 
crumbling,  and  since  the  Taconic  and  Archaean  ores  occur  in  close  proximity  in 
the  region  mentioned." 

Personally,  I  am  very  glad  to  see  tlie  American  Geologist 
taking  up  this  interesting  question  of  fossils  or  no  fossils  in 
these  ancient  rocks.  In  my  opinion,  what  is  now  needed  is 
diligent  and  prolonged  search  among  the  ores,  etc.,  for  better 
specimens  than  those  hitherto  discovered.  Nevertheless,  I  am 
ready  to  stake  my  reputation  as  an  amateur  palaeontologist  that, 
whatever  the  specimens  of  other  geologists  may  show,  I  am 
right  in  affirming  that  some  of  the  figures  illustrating  this  paper 
represent  traces  of  organic  remains. 


Note  on  Copper  in    Iron  and   Steel. 

BY   R.    W.    RAYMOND,   NEW  YORK   CITY. 

(Colorado  Meeting,  September,  1896.) 

After  the  publication  of  the  Atlanta  paper  of  Mr.  Robert 
W.  Hunt  on  "  Specifications  for  Steel  Rails  of  Heavy  Sections 
Manufactured  West  of  the  Alleghenies,"*  I  received  from  Mr. 
B.  F.  Fackenthal,  Jr.,  the  following  comments : 

"I  note  that,  in  giving  the  chemical  composition  of  rails,  Mr.  Hunt  does  not 
consider  the  question  of  copper.  Yet  we  all  know  very  well  that  its  presence  is 
more  or  less  injurious,  as  it  tends  to  red-shortness.     Bessemer  pig-iron  carrying 

*  Trans.,  xxv.,  6o3. 
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copper  does  not,  as  a  rule,  command  as  high  a  price  as  iron  which  is  practically 
free  from  copper— a  sufficient  evidence  that  this  element  is  objectionable.  The 
iron  made  from  all  Cornwall  ore  will  carry  at  least  0.75  per  cent,  of  metallic 
copper.  I  note  also  that  the  Cuban  iron  ores  contain  an  appreciable  amount 
of  copper,  say  0.05  per  cent.  ;  but  as  this  would  not  add  beyond  0.10  per  cent. 
to  the  pig  iron,  the  quantity  is  not  sufficient  to  be  injurious.  It  would  be  in- 
teresting to  know,  however,  why  Mr.  Hunt  and  other  inspecting  engineers  do 
not  take  the  presence  of  copper  into  consideration  in  their  specifications  and 
discussions." 

To  this  Mr.  Hunt  replied  as  follows : 

"The  reason  that  copper  is  not  considered  in  specifications  for  the  chemical 
composition  of  rail-steel  is,  that  we  have  no  evidence  to  show  that  its  presence 
has  any  injurious  effect  upon  the  wearing  qualities  of  the  steel.  It  does  tend 
to  make  the  metal  red-short  during  the  manufacture  of  the  rails  ;  and  this  fact, 
which  is  recognized  by  the  rail-makers,  affects  the  price  they  pay  for  pig-iron 
containing  copper.  But  I  am  not  aware  that  it  affects  at  all  the  wearing-quali- 
ties of  the  metal." 

Mr.  Hunt's  reply  was  received  too  late  to  be  included  in 
Volume  XXV.,  and  Mr.  Fackentlial's  question  was  conse- 
quently omitted  from  the  volume.  The  subject  seems  to  me, 
however,  to  be  far  from  exhausted,  and  I  therefore  reproduce 
in  this  note  the  brief  remarks  above  quoted,  as  a  possible  text 
for  more  detailed  discussion. 

Dr.  Dudley,  in  his  fiimous  paper  on  "  The  Chemical  Compo- 
sition and  Physical  Properties  of  Steel  Rails"  (1878)  says:* 

"  Almo.st  the  only  effect  that  sulphur  and  copper  are  known  to  have  on  steel 
is  to  render  it  what  is  technically  known  as  '  red-short ;'  that  is,  if  a  steel  rail 
has  too  much  sulphur  and  copper  in  it,  it  crushes  in  the  rolls  or  flies  to 
pieces  during  manufacture.  I  am  unable  to  find  anywhere  that  sulphur  and 
copper  are  said  to  have  a  deleterious  effect  on  the  wear  or  durability  of  a  rail ; 
and,  indeed,  some  metallurgists  claim  that  they  are  advantageous  in  this  respect. 
I  have,  therefore,  not  determined  the  sulphur  or  copper  in  the  analyses  given 
below,  and  would  not  recommend  to  prescribe  any  specifications  in  regard  to 
them.  We  can  safely  trust  the  rail-manufacturers  not  to  give  us  rails  contain- 
ing too  much  sulphur  and  copper." 

The  practice  thus  approved  by  Dr.  Dudley  seems  to  have 
been  universally  followed  ever  since,  and  the  latest  specifica- 
tions of  Mr.  Hunt  are  silent  as  to  both  sulphur  and  copper. 
The  underlying  reason  evidently  is,  that  the  conditions  of 
manufacture  practically  guarantee  the  amount  of  copper  to  be 
too  small  to  injure  the  rail.     What  is  the  actual  limit  thus 

*  Trans.,  vii.,  175. 
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established,  is  a  matter  of  some  doubt.  It  was  formerly  as- 
sumed that  at  about  0.4  per  cent,  of  copper,  wrought-iroii 
would  begin  to  be  red-short;  and  in  1862  Eggertz*  declared 
the  influence  of  copper  on  steel  to  be  still  greater,  so  that  a 
steel  containing  0.5  per  cent,  of  copper  was  worthless,  while  a 
low-carbon  iron  would  only  show,  at  that  percentage,  traces  of 
red-shortness.  But  Wasum  showed,  in  1882,t  that  0.20-  to 
0.30-carbon  steel  could  carry  0.059  per  cent,  of  sulphur  and 
0.452  per  cent,  of  copper  without  red-shortness ;  and  that  -with 
0.06  sulphur  and  0.862  copper,  or  0.107  sulphur  and  0.849 
copper,  it  was  "  good,"  giving  but  slight  indications  of  red- 
shortness. 

Choubley,!  working  with  steels  containing  0.2  phosphorus, 
0.50  to  0.60  carbon,  0.05  to  0.07  sulphur,  and  0.36  to  0.54 
manganese,  found  that  0.36  to  0.48  of  copper  left  them  entirely 
weldable  at  temperatures  at  and  above  red-heat.  And  Mr. 
Howe§  cites  Choubley  for  the  opinion  that  steel  may  contain  as 
much  as  0.96  per  cent,  of  copper  without  serious  red-shortness, 
and  adds  that  "  Mr.  W.  W.  Scranton  habitually  makes  Besse- 
mer T-rails  with  0.51  to  0.66  per  cent.,  which  he  states  are  so 
non-red-short  that,  in  spite  of  their  thin  flanges,  and  the  ex- 
ceptionally low  temperature  at  which  they  are  finished,  only 
from  1.25  to  2.5  per  cent,  of  them  are  suificiently  cracked  to 
be  classed  as  second-quality." 

Mr.  Howe  gives  alsoU  an  interesting  account  of  the  "  copper- 
steel  "  exhibited  by  Iloltzer  at  the  Paris  Exposition  of  1889. 
This  material  contained  copper  up  to  3  or  4  per  cent. ;  was  re- 
ported to  be  red-short  when  copper  had  reached  1  per  cent. ; 
exhibited  in  bars  a  high  tensile  strength  and  elastic  limit,  with 
considerable  elongation.  The  data  furnished  concerning  it  are 
both  incomplete  and  lacking  in  precision.  But  the  general 
conclusion  which  they  indicate  is  unfavorable  to  the  notion 
that  anything  is  to  be  gained  in  quality  by  the  addition  of  cop- 
per to  steel. 

*  Wagner's  Jahreshericht,  1862,  p.  9 ;  quoted  in  Ledebur's  Handbuch  der  Einen- 
hlittenhunde  (1895),  p.  301. 

t  Stahl  u.  Eisen,  1882,  p.  192,  and  Ledebur,  p.  646. 
X  Stahl  u.  Eisen,  1884,  p.  374,  and  Ledebur,  p.  647. 

I  Metallurgy  of  Steel,  1890,  p.  83. 

II  IhuL,  p.  368. 
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Biographical  Notice  of  Charles  A.   Stetefeldt. 

BY  R.    W.    RAYMOND,    NEW  YORK  CITY. 

(Colorado  Meeting,  September,  1896.) 

The  death  of  Mr.  Stetefeldt,  which  occurred  at  Oakland, 
CaL,  March  17,  1896,  was  a  surprise,  as  well  as  a  sorrow,  to 
many  of  his  friends  and  professional  colleagues.  In  the 
Engineering  and  Mining  Journal  of  March  28th,  I  published  an 
obituary  article,  the  substance  of  which,  modified  and  enlarged 
by  later  information,  forms  the  basis  of  the  present  biographical 
notice.  I  am  indebted  to  Mr.  Albert  Arents,  Alameda,  CaL, 
and  Mr.  0.  11.  Hahn,  Monterey,  Mex.,  life-long  friends,  and  to 
Miss  Pauline  Anacker,  of  Gotha,  Germany,  a  cousin  of  the  de- 
ceased, for  details  which  I  could  not  have  obtained  elsewhere. 

Carl  August  Stetefeldt  was  born  September  28,  1838,  in  the 
village  of  Holzhausen,  in  the  duchy  of  Gotha,  Germany,  where 
his  father  was  a  Lutheran  pastor.  He  was  an  only  son,  and 
(after  the  early  death  of  a  sister)  an  only  child.  In  his  boyhood 
he  is  reported  to  have  been  physically  delicate,  but  mentally 
precocious.  In  1847  his  father  was  transferred  to  Horselgau, 
near  Waltershausen,  where,  besides  discharging  his  pastoral 
duties,  he  kept  a  select  private  boarding-school,  in  which  a  few 
pupils  received  a  training  preliminary  to  the  "  gymnasial " 
course.  Among  these  pupils  (one  of  whom  was  the  now  famous 
Dr.  Knorr,  the  discoverer  of  antipyrine)  he  included  his  own 
son,  who,  thus  carefully  prepared,  entered  in  1852,  at  the  age 
of  fourteen,  the  gymnasium  at  Gotha. 

The  records  of  the  gymnasium  bear  witness  that  his  conduct 
in  and  out  of  school  was  "  blameless,"  and  his  attention  to 
study  "good."  But  his  career  as  a  "gymnasiast"  was  marked 
by  an  act  of  rebellion  probably  more  startling  then  than  it  would 
be  now.  Being  much  more  strongly  attracted  by  the  natural 
sciences  than  by  the  dead  languages,  he  conceived  a  special 
aversion  to  Hebrew,  and  engaged  in  a  conflict  with  the  profes- 
sor in  that  department,  out  of  which  he  seems  to  have  come 
\dctorious.     At  all  events,  he  was  not  obliged  to  pursue  further 
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that  particular  study,  and  yet  left  the  gymnasium  in  1858  with 
a  flattering-  report  of  standing  and  proficiency.  It  is  not  an 
improbable  surmise  that  this  incident  involved  more  than  the 
mere  protest  against  a  single  study.  Perhaps  the  Lutheran 
pastor  had  intended  for  his  only  son  a  similar  career,  so  that 
the  study  of  Hebrew,  easy  enough  in  itself,  meant  also  the  later 
study,  at  the  university,  of  theology.  At  that  period  the  nat- 
ural sciences,  belonging  to  the  faculty  of  "  philosophy,"  were 
still  more  or  less  under  the  ban  of  the  ancient  proverb,  which 
declared  of  the  four  university  faculties,  that  medicine  secured 
to  its  votaries  bread  but  no  honor ;  while  theology  gave  them 
honor  but  no  bread;  jurisprudence,  both  bread  and  honor; 
and  philosophy,  neither  bread  nor  honor !  In  other  words, 
skilful  physicians  and  surgeons  could  earn  money,  but  would 
usually  have  no  oificial  career  and  rank ;  pastors  would  have 
high  social  standing,  but  very  small  salaries ;  students  of  law 
would  find  a  state  career  open  to  them,  with  possibilities  of 
wealth  and  rank,  while  "  philosophy "  (including  everything 
else,  such  as  languages,  history,  literature  and  physical  science), 
was  sure  of  neither  profit  nor  fame.  It  is  true  that  certain 
branches  of  applied  science,  such  as  civil  engineering,  mining 
and  metallurgy,  were  fostered  by  the  state,  and  their  graduates 
Avere  taken  into  government  employ ;  but  these  formed  no  part 
of  the  university  curriculum,  being  taught  in  special  schools, 
and  by  no  means  exclusively  or  generally  to  university  gradu- 
ates. 

I  think  it  probable,  therefore,  that  Stetefeldt's  successful  re- 
volt against  Hebrew  was,  in  fact,  his  choice  of  physical  science 
as  the  pursuit  and  profession  of  his  life.  In  1855,  while  at  the 
Gotha  gymnasium,  he  united  with  some  of  the  elder  students 
in  founding  the  Naturwissmschaftliche  Verein  der  Gymnasiasten 
zii  Gotha,  a  society  of  which  he  was  for  the  first  year  vice-presi- 
dent, and  then  president;  which  has  survived  and  flourishes 
to  this  da}^ ;  and  which  repeatedly  honored  him  with  tokens  of 
its  grateful  remembrance  of  his  services. 

In  1858  he  was  matriculated  at  the  university  of  Gottingen, 
where  he  remained  for  two  years,  studying  principally  under 
the  distinguished  scientific  professors,  Woehler,  Stern,  Wilhelm 
Weber,  and  Sartorius  von  Waltershausen.  In  1860  he  entered 
the   School  of  Mines  at  Clausthal,  and  passed  there,  in  1862, 
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the  "  engineer's  exanunation,"  receiving  in  all  branches  of  min- 
ing and  metallnrgy  the  highest  degree.  lie  was  at  once  com- 
missioned to  investigate  the  Pattinson  process,  and  the  causes 
of  the  "  over-poling  "  of  copper  at  the  government  works  in  the 
Harz.*  After  visiting  Freiberg,  Mansfield,  Stolberg,  and  other 
metallurgical  centers,  he  took  the  technical  management,  for  a 
brief  period,  of  a  small  copper-plant  in  Bohemia. 

In  1863  he  came  to  the  United  States,  and  was  immediately 
engaged  as  assistant  by  Prof.  Charles  Joy,  then  occupying  the 
chair  of  chemistry  at  Columbia  College,  New  York.  It  was 
in  the  following  year  that  I  made  his  acquaintance,  and  he  be- 
came an  assistant  in  the  office  and  field-work  of  the  firm  of 
Adelberg  &  Raymond. 

This  was  at  the  outset  of  my  own  professional  career,  which 
I  began  in  association  with  Dr.  Justus  Adelberg  (long  since 
deceased),  who  had  established  an  office  for  consulting  practice 
in  mining  and  metallurgy.  The  time  was  peculiarly  favorable 
for  such  an  undertaking.  There  was  a  great  revival  of  mining 
industry  and  speculation,  coupled  with  a  great  scarcity  of 
trained  experts ;  and  the  firm  of  Adelberg  &  Raymond  was  so 
overwhelmed  with  work  as  to  require  the  assistance  of  many 
young  men,  mostly  graduates  of  German  schools.  It  is  with 
much  satisfaction  that  I  recall  the  names  of  many  who  w^ere 
thus  introduced  into  American  practice,  and  who  have  since 
achieved  a  professional  success  to  which,  as  I  cannot  but  be- 
lieve, their  early  experience  under  our  direction  must  have  con- 
tributed. Among  them  were  Dr.  Hermann  Credner  (now  for 
many  years  professor  at  the  University  of  Leipzig  and  Director 
of  the  Saxon  Geological  Survey),  Anton  Eilers,  Otto  H.  Hahn, 
and  Albert  Arents  (recognized  authorities  in  modern  metal- 
lurgy), not  to  mention  others  of  less  conspicuous  distinction. 
But  when  I  say  that,  of  all  that  company  of  young  men,  Stete- 
feldt  was  at  that  time  the  most  thoroughly  and  widely  accom- 
plished, I  believe  I  express  what  all  recognized.  I  soon  found 
that  he  possessed  a  knowledge  of  mathematics  and  chemistry 
much  beyond  the  usual  equipment  of  a  mining  engineer  or 
metallurgist,  and  at  the  same  time  an  exceptionally  wide  scien- 
tific and  literary,  as  well  as  technical,  culture. 

*  See  Berg.-u.  H.-Zeitumj,  1863,  p.  185. 
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In  1865,  in  partnership  with  Mr.  John  H.  Boalt  (a  Freiberg 
classmate  of  mine,  and  at  that  time  a  mining  engineer  and 
metalhirgist,  but  now,  as  the  result  of  a  change  of  profession, 
one  of  the  leaders  of  the  San  Francisco  bar),  Stetefeldt  estab- 
lished at  Austin,  ]!^evada,  in  the  "  booming  "  Reese  river  dis- 
trict, an  assay-office  and  consulting-business,  in  some  respects 
a  branch  of  our  I^ew  York  firm,  but  in  fact  an  independent 
concern.  During  the  continuance  of  this  business  he  built  at 
Eureka,  Xevada,  the  first  lead-smelting  blast-furnace  erected  in 
that  district.  Unfortunately,  the  rich  and  easily  reducible  car- 
bonates of  Ruby  Hill  had  not  yet  been  discovered.  Stetefeldt's 
furnace  was  erected  to  treat  the  ores  of  IN^ew  York  canon,  which 
proved  to  be  not  only  highly  siliceous  and  refractory,  but  also 
scanty  in  amount.  The  enterprise  was  a  failure ;  and  when,  at 
a  somewhat  later  period,  the  Ruby  Hill  deposits  began  to  sup- 
ply the  materials  for  a  great  industry  of  the  same  kind,  Stete- 
feldt was  already  engrossed  in  another  branch  of  metallurgy, 
upon  which  he  has  indelibly  impressed  his  name. 

Soon  after  coming  to  America  he  had  taken  out  a  patent  for 
a  special  arrangement  of  the  Gerstenhofer  shelf-furnace  for 
desulphurizing  pyritic  ores.  This  patent,  which,  considered  by 
itself,  was  doubtless  an  infringement,  or,  at  best,  a  mere  subor- 
dinate improvement  upon  that  of  Gerstenhofer,  was,  by  agree- 
ment with  the  latter,  offered  to  the  American  public ;  but,  after 
a  single  unsatisfactory  trial  in  Colorado,  the  enterprise  was 
practically  abandoned.  According  to  my  recollection  the  im- 
mediate cause  of  failure  in  this  first  experiment  lay  in  the  con- 
struction and  management  of  the  apparatus  itself ;  but  back  of 
that  was  the  more  serious  question,  whether  the  simple  desul- 
phurization  of  auriferous  pyrites  would  leave  the  material  in  a 
suitable  condition  for  the  effective  extraction  of  gold  by  amal- 
gamation. The  discouraging  answer  given  by  experiment  to 
this  question  killed  the  prospects  of  a  good  many  "  desulphuri- 
zers  "  in  Colorado  a  quarter  of  a  century  ago  ;  but  the  history 
of  later  years  has  shown  that  the  practicability  of  mechanical 
devices  for  roasting-furnaces  was  not  thereby  disproved. 

Stetefeldt  pursued  this  subject  with  intelligent  pertinacity 
while  he  was  located  in  Xevada.  The  silver-ores  of  Reese  river 
district  were  treated  by  preliminary  chloridizing-roasting  and 
subsequent  pan-amalgamation  with  the  aid  of  chemicals.     For 
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the  preliminary  roasting,  he  first  tried  a  Gerstenhofer  shelf- 
furnace;  but,  after  repeated  experiments,  he  was  forced  to 
abandon  this  idea,  by  reason  of  the  caking  and  incrustation  of 
the  ore  upon  the  shelves.  The  conception  of  a  furnace  without 
shelves  followed.  I  am  informed  upon  excellent  authority  that 
this  conception  was  entertained  also  by  the  late  E.  N.  Riotte. 
However  that  may  be,  the  practical  development  of  it  is  un- 
doubtedly due  to  Stetefeldt.  Experiments  with  the  old  Gers- 
tenhofer furnace,  deprived  of  its  shelves,  showed  clearly  that 
increased  height  was  required  to  eifect  the  desired  reactions ; 
and  working  out  the  details  of  the  apparatus,  Stetefeldt  built 
at  Reno,  Nevada,  the  first  successful  furnace  of  the  new  type. 

The  well-known  principle  of  the  Stetefeldt  furnace  is  that, 
especially  in  a  heated  atmosphere  containing  chlorine  as  well  as 
oxygen,  the  reactions  of  chlorination  and  oxidation  upon  parti- 
cles of  ore  suificiently  small  and  sufficiently  exposed  occur  with 
such  rapidity  that  a  free  fall  through  such  an  atmosphere, 
coupled  with  the  subsequent  period  of  repose  at  the  bottom, 
will  suffice,  without  further  manipulation,  to  produce  the  desired 
result.  The  invention  was  undoubtedly  both  a  novelty  and  an 
improvement ;  and  though  the  practical  limits  of  its  advanta- 
geous use  are  still  matter  of  controversy,  concerning  which  I 
express  no  opinion  here,  there  can  be  no  question  that  it  has 
given  to  Stetefeldt  a  high  and  permanent  place  in  the  history  of 
metallurgy. 

This  reputation  he  earned  by  labors  far  exceeding  those  of 
the  mere  originator  of  a  happy  thought,  thrown  out  for  others 
to  perfect  and  apply.  Indeed,  I  am  inclined  to  think  that  too 
much  credit  is  popularly  given  to  the  geniuses  who  conceive 
bright  ideas,  and  too  little  to  the  experts  who  reduce  them  to 
successful  practice.  We  hear,  perhaps,  too  often  of  the  claims 
of  this  or  that  inventor  to  priority  in  the  desire,  intention  or 
attempt  to  do  a  thing  which  he  did  not  accomplish,  and  which 
other  brains  and  hands  subsequently  developed  to  practical  use- 
fulness. It  is  especially  noteworthy,  therefore,  that  Stetefeldt 
remained,  to  the  day  of  his  death,  the  leading  authority  on  his 
own  furnace,  the  details  of  its  construction,  the  method  of  its 
operation  and  the  sphere  of  its  application.  He  was  not  only 
a  chemist  and  metallurgist,  but  an  engineer ;  and  the  fearless 
confidence  Avhich  he  reposed  in  his  own  knowledge  and  experi- 
ence enabled  him  to  deal  with  many  a  troublesome  problem  of 
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practice  before  which  the  ordinary  inventor  would  have  stood 
helpless. 

In  1870  he  went  to  Europe;  but  his  father  had  died,  the 
friends  of  his  youth  were  scattered,  and  the  ties  that  bound  him 
to  the  New  World  were  stronger  than  those  which  remained  to 
hold  him  in  the  old.  He  returned  to  San  Francisco  in  1872, 
resided  there  until  1882,  and  then  in  l^ew  York  until  1889, 
after  which  he  remained,  until  his  death  at  San  Francisco,  re- 
siding in  Oakland,  the  pleasant  city  across  the  bay.  He  was, 
however,  much  away  from  home  on  professional  business,  which 
concerned  chiefly  the  construction  and  operation  of  his  furnace 
and  the  development  of  metallurgical  operations  to  which  it  was 
auxiliary.  The  most  important  of  these  was  the  Russell  lixivia- 
tion-process,  which  he  did  much  to  improve  and  to  recommend, 
publishing  on  the  subject  several  papers,  and  a  text-book,  the 
second  edition  of  which  appeared  last  year.  One  of  his  latest 
enterprises  in  connection  with  the  improvement  of  silver-mines 
was  the  introduction  of  a  producer-gas  for  firing  the  dry-kilns 
and  the  roasting-furnace  at  the  Marsac  mill,  Park  City,  Utah — 
a  new  departure  which  promises  to  be  of  great  importance. 

Mr.  Stetefeldt  did  not  join  the  American  Institute  of  Mining 
Engineers  until  1881 ;  but,  once  a  member,  he  took  an  active 
interest  in  the  society,  and  enriched  its  Transactions  with  some 
of  the  most  valuable  papers  they  contain.  The  list  of  his  con- 
tributions is  as  follows : 

VOLUME.  PAGE.  TITLE. 

XII.,  95.— The  Shelf  Dry-Kiln. 

XII.,  291. — Remarks   on  the  Leaching  of  Silver- 

Ores. 

XIIL,  47. — Russell's  Improved  Process  for  the  Lix- 

iviation  of  Silver-Ores. 

XIIL,  309. — Remarks  on  Pressure-Filters. 

XIIL,  369. — Xotes  on  the  Patio  Process. 

XIV.,  336. — The  Amalgamation  of  Gold-Ores,  and 

the  Loss  of  Gold  in  Chloridizing- 
Roasting,  with  Especial  Reference  to 
Roasting  in  a  Stetefeldt  Furnace. 

XV.,  355. — Russell's  Improved  Process  for  the  Lix- 

iviating Silver-Ores,  in  Its  Practical 
Application. 


k'OLUME. 

XX., 

PAGE. 

3.- 

XX., 

15.- 

XX., 

37.- 
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TITLE. 

-The  Construction  of  Details  for  a  Mod- 
ern Lixiviation-Plant. 

-Tlie  Precipitation  of  Metals  from  Hy- 
posulphite Solutions. 

-The  Refining  of  Sulphides  Obtained  in 
the  Lixiviation-Process  with  Hypo- 
sulphite Solutions. 
XXL,  74. — Experiments  with    the   Roessler    Con- 

verter at  the  Marsac  Refinery,  Park 
City,  Utah. 

-The  Marsac  Refinery,  Park  City,  Utah. 

-Remarks  on  the  Capacity  and  Eftective- 
ness  of  the  Stetefeldt  Furnace. 

-Remarks  on  the  Specific  Gravity  of 
Gold  in  Gold-Silver  Alloys. 

-The  Consumption  of  Fuel  in  the  Tay- 
lor Gas-Producer  Plants  at  the  Aspen 
and  Marsac  Mills  Compared. 

-The  Stetefeldt  Furnace. 

-Product  and  Economical  Results  of  the 
ISIarsac  Refinery  for  the  Year  1892. 
XXrV'^.,  530. — The    Inaccuracy   of    the    Commercial 

Assay  for  Silver,  and  of  Metallurgi- 
cal Statistics  in  Silver-]Mills,  with 
Special  Reference  to  the  Treatment 
of  Roasted  Ores  by  Amalgamation 
and  by  the  Russell  Process. 
XXrV^.,  573.— Xote  on  the  Taylor  Gas-Producer  Plant 

at  the  Ontario  Mill. 
XXIV.,  868. — Remarks  on  the  Inaccuracy  of  the  Com- 

mercial Assay  for  Silver. 
XXV.,  993. — Remarks  on  the  Lixiviation  of  Silver- 

Ores. 

On  page  443  of  Vol.  XVIII.  an  abstract  is  given  of  a  method 
proposed  by  Mr.  Stetefeldt  for  the  treatment  of  auriferous  tel- 
lurides.  His  full  account  of  this  method  will  be  found  in  the 
Berg-  und  Hiittenmdnnische-Zeitung,  1865,  vol.  xxiv.,  p.  374. 

In  recoErnition  of  the  value  of  these  contributions  and  of  his 
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eminence  in  metallurgy,  Mr.  Stetefeldt  was  elected  in  1888 
a  vice-president  of  the  Institute;  and  in  1895  he  was  again 
elected  to  that  position,  which  he  occupied  at  the  time  of  his 
death. 

As  Secretary  of  the  Institute,  and  editor  of  its  Transactions,  I 
must  bear  witness  to  the  unusual  excellence  of  Mr.  Stetefeldt's 
English  style.  Not  only  do  few  foreigners  express  themselves 
in  English  with  such  terse  and  clear  precision  ;  the  accomplish- 
ment is  all  too  rare  among  native  WTiters  on  technical  subjects. 
And  the  moral  I  would  draw  is  one  upon  which  I  have  often 
elsewhere  insisted,  namely,  that  university  culture  is  sure  to  tell, 
even  in  a  special  professional  career.  Other  things  being  equal, 
the  man  who  has  it  will  surely  come  to  the  front. 

Of  Mr.  Stetefeldt's  numerous  contributions  to  scientific  litera- 
ture, elsewhere  published  in  Germany  and  in  this  country,  I 
have  no  record ;  but  I  know  that  they  were  numerous,  and  that 
they  dealt  with  branches  outside  of  his  special  profession,  as 
well  as  those  with  which  his  name  was  chiefly  connected.  Heli- 
ology  and  selenology,  for  instance,  were  subjects  which  he  had 
studied  with  special  interest,  and  on  which  he  speculated  with 
ingenuity  as  well  as  learning.  A  few  months  ago  he  published 
an  excellent  English  abridgment  of  an  elaborate  paper  by  Prof. 
Suess,*  in  which  the  phenomena  observed  upon  the  moon's  sur-- 
face  were  made  to  yield  interesting  and  important  suggestions 
concerning  the  eruptive  rocks  of  the  earth. 

Mr.  Stetefeldt  was  married  December  31,  1872,  but  had  no 
children ;  and  his  wife  died  some  years  before  him.  His  own 
death  was  the  result  of  a  disease  of  the  heart,  from  which  he  had 
suffered  periodically  for  several  months,  and  which  was  prob- 
ably aggravated,  towards  the  last,  by  a  mistaken  resort  to  out- 
door exercise.  "When  informed  that  he  could  not  recover,  he 
refused  to  take  any  more  medicine,  saying,  "  Let  me  die  in 
peace."  We  who  lament  his  departure  can  but  echo  these  pa- 
thetic words,  as  we  say  above  his  grave,  Hequiescat  in  j)ace  ! 

*  "The  Moon  as  Seen  by  a  Geologist,"  Puhl.  of  the  Astron.  Soc.  of  the  Pacific, 
vol.  vii.,  No.  42,  page  Ki9,  June,  1895. 
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The  Use  of  the  Tremain  Steam-Stamp  with  Amalgamation. 

BY  EDWIN  A.  SPERRY,  GUNNISON,  COLO.   ■ 

(Colorado  Meeting.  September,  1896.) 

The  use  of  steam-stamps  in  the  crushing  of  ore  for  the  pur- 
pose of  amalgamation  has  been  very  hmited,  and  little  has  been 
written  on  the  subject.  As  the  writer  has  been  operating  a 
mill  of  this  kind  during  the  past  year,  it  is  possible  that  he  may 
be  able  to  present  a  few  points  in  regard  to  mill-practice  in  this 
line  which  will  be  of  interest. 

The  mill  herein  referred  to  contains  two  Tremain  steam- 
stamps,  a  more  detailed  description  of  which  will  be  given  be- 
low. A  bond  and  lease  had  been  taken  on  a  property  on  Cross 
mountain,  Gunnison  county,  Colo.,  and  the  parties  operating 
wished  to  prospect  it  thoroughly  and  did  not  wish  to  ship  out 
the  ore,  owing  to  high  freight-rates.  They  looked  around  to 
find  some  mill  that  would  answer  the  purpose  and  not  be  too 
expensive.  The  steam-stamp  in  question  was  finally  decided 
on,  and  the  writer  was  employed  to  erect  and  operate  it. 
■  The  economy  of  construction  was  demonstrated  at  the  outset. 
The  stamps  were  dropping  within  ten  days  from  the  time  that 
the  machinery  was  unloaded  on  the  ground.  A  large  portion 
of  this  period  was  consumed  in  waiting  for  supplies  and  fittings 
which  should  have  been  on  the  ground  at  the  same  time  with 
tlie  machinery. 

eyre. — The  ore  to  be  treated  was  a  mixture  of  white,  porous 
quartz,  with  the  decomposed  and  undecomposed  oxides  of  iron 
and  manganese  in  varying  proportions,  from  the  pure  white 
quartz  to  solid  pieces  of  the  oxides.  It  appeared  to  be  the  pro- 
duct of  replacement  in  a  soft  dolomite  at  or  near  the  line  of 
contact  with  a  dike  of  porphyry.  On  careful  examination  with 
the  aid  of  a  microscope  it  was  found  that  the  gold  was  in  the 
form  of  an  extremely  thin  film  over  the  surfaces  of  the  quartz, 
making  only  a  bronzy-yellow  coating,  quite  readily  distin- 
guished from  the  film  of  iron  oxide,  which  was  also  present. 

Mill. — The  mill  was  constructed  on  the  usual  plan,  with  the 
ore-bin  above  and  against  the  hill,  which  was  cut  into  for  the 
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main  building.  The  bin  was  of  about  20  tons'  capacity.  'No 
rock-breakers  were  used,  but  the  larger  pieces  of  ore  were 
broken  by  hand  to  a  size  that  would  pass  through  a  3-inch 
ring.  The  ore  passed  into  a  Challenge  ore-feeder,  from  which 
it  was  fed  into  the  mortar. 

For  the  benefit  of  those  not  familiar  with  the  steam-stamp 
under  discussion,  although  some  may  be,  a  description  will  be 
given  so  far  as  to  make  clear  any  reference  made  hereafter  to 
any  part. 

The  sections  of  the  stamp  shown  in  Fig.  1  will  give  some 
idea  of  its  mechanical  construction. 

The  mortar  is  12  by  20  inches  in  size  at  the  inside  of  the  lip 
of  the  discharge,  and  14  by  24  inches  at  the  outer  edge  of  the 
lip.  Screens  are  placed  on  three  sides,  the  front  and  the  two 
ends,  gi^nng  384  square  inches  of  screen-surface.  The  depth 
from  the  discharge  to  the  bottom  of  the  mortar,  including  the 
recess  made  to  receive  the  die,  is  7  inches.  The  die,  being  5 
inches  high,  leaves  only  2  inches  issue  for  the  pulp.  This  was 
increased  to  6  inches  by  the  addition  of  a  4-inch  "  chuck- 
block  "  carrying  a  copper  plate  on  the  inside.  This  reduced 
the  screen-area  to  256  square  inches,  but  did  not  materially  de- 
crease the  capacity. 

The  stamp  comprises  the  piston,  stem  and  stamp-head,  and, 
when  newly  shod,  weighs  300  pounds.  The  steam  lifts  the 
stamp  by  a  6-inch  piston-head,  the  lower  area  of  which  is  re- 
duced by  the  4-inch  stem,  which  extends  downward  from  it, 
leaving,  as  a  lifting-area  an  annular  surface  1  inch  wide  at  the 
outer  edge  of  the  head. 

When  the  piston  is  raised  to  a  certain  point,  connection  is 
made  between  the  two  ends  of  the  cylinder.  The  upper  surface 
of  the  piston-head  being  greater,  the  stamp  is  forced  down  with 
a  force  proportionate  to  the  surfaces,  together  with  its  weight, 
giving  a  blow  of  about  the  same  force  as  that  of  a  1000-pound 
stamp.  The  length  of  the  drop  varies  from  5  to  8  inches,  ac- 
cording to  the  amount  of  wear  on  the  shoe  and  die.  Provision 
is  made  for  the  operating  of  the  automatic  feeder,  by  cutting  a 
recess  in  and  around  the  stem  near  the  steam-chest,  into  which 
a  collar  is  bolted  which  actuates  the  feeder-arm.  Reference 
will  be  made  to  this  later  on.  The  shoes  are  cast  similar  in 
form  to  the  gravity-  stamp-head,  with  the  exception  of  the  recess 
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Fig.1 


Amencau  Bunk  Notu  Co.,  N.Y, 

Tremain  Steam-Stamp,  Vertical  Sections. 
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in  the  lower  end,  to  receive  the  shank  of  the  shoe.  They  are 
titted  to  the  stem  by  }»lacing  short  feathers  of  sheet  brass 
around  the  sides  of  the  hole  in  the  upper  end  of  the  shoe, 
placing  it  on  the  die  in  the  battery,  in  its  proper  position,  and 
allowing  the  stem  to  drop  into  it.  The  entire  stamp  is  raised 
with  a  bar  and  allowed  to  drop  several  times  until  secured. 
Steam  is  turned  on  slowly  and  the  stem  driven  to  place  by  a 
few  blows,  when  it  is  ready  for  regular  work.  There  is  a  sys- 
tem of  ratchets  and  pawls  which  revolve  the  stamp  on  the  up- 
ward stroke,  leaving  it  to  fall  in  a  direct  line.  There  is,  on  an 
average,  1  complete  revolution  to  about  15  strokes. 

The  shoes  and  dies  wear  very  evenly  and  smoothly,  and  with 
the  ore  in  question  wore  about  J-inch  each  per  100  tons  crushed. 

Thirty-mesh  screens  w^ere  used  at  first,  but  on  experimenting, 
it  was  decided  to  use  20-mesh  instead.  This  gave  a  product  of 
the  following  description,  as  to  proportions  of  size  and  values. 
The  crushing  is  evidently  fine  enough,  and  could  be  coarser  but 
for  the  fact  that  the  tailings  were  to  be  subjected  to  a  subse- 
quent treatment,  which  required  the  size  to  be  no  coarser. 

Table  I. — Besults  of  Screening. 


Size. 

Per  Cent. 

Value  Per  Ton. 

Contents 

Per  Cent. 

Gold.              Silver. 

Gold. 

Silver. 

On  40  mesh 

28.5 

4.0 

10.5 

8.5 
48.5 

$14.00      1     $1.12 
13.00            0.72 
14.00            1.00 
16.00          n  q-:j! 

18.07 
2.36 
6.65 
6.16 

66.76 

26.7 
2.4 
8.8 
6.5 

55.6 

"   fiO      "    

"    80      "    

"100      "    

Through  100  mesh... 

30.40 

1.37 

100.0 

100.00 

100.0 

The  mortar,  as  originally  designed,  was  intended  to  have  four 
amalgamated  copper-plates  inside.  These  were  to  be  placed  in 
the  corners  and  were  very  small.  The  splash  was  so  great  that 
they  scoured  badly.  They  were  covered  with  wire-screen  cloth, 
and  the  results  were  greatly  improved,  but  they  were  finally 
abandoned  entirely,  and  the  copper-plates  on  the  "  chuck-blocks  " 
were  substituted,  but  these  were  not  satisfactory.  V^J  little 
amalgamation  is  accomplished  in  the  mortar;  fully  95  per  cent, 
of  the  amalgam  recovered  comes  from  the  outside  plates.     Of 
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these  there  are  8,  of  which  3  are  attached  to  the  mortar,  one 
just  below  each  screen.  These  are  cleaned  up  but  once  a 
week.  There  are  5  apron-plates,  4J  feet  wide,  and  16  feet  in 
aggregate  length. 

The  first  is  8  feet  long;  and  the  second,  third,  fourth  and  fifth 
are  each  2  feet  long,  and  are  arranged  as  shown  in  Fig.  2. 
This  arrangement,  in  this  case,  is  very  effective,  as  the  mercury 
in  the  two  wells  can  be  kept  active  by  the  addition  of  sodium 
amali^am,  preventing  in  a  large  degree  the  loss  of  quicksilver 
"  sickened  "  by  the  oxides  in  the  ore.  By  this  method  the  loss 
of  mercury  was  reduced  J,  or  from  2  ounces  to  1  ouhce  per  ton 

of  ore  treated. 

Owing  to  the  fact  that  the  proportion  of  heavy  oxides  was 
very  gr^at,  sometimes  amounting  to  60  or  70  per  cent.,  it  was 
quite  impossible  to  use  the  common  forms  of  traps  to  recover 
mercury,  and  two  forms  were  finally  adopted  which  proved 
quite  satisfectory.  One  was  in  the  form  of  a  "  clean-up  pan," 
which  was  arranged  to  be  continuous  in  feed  and  discharge, 
and  constantly  stirred.  This  was  used  outside  of  the  mill.  The 
other  was  of  the  form  shown  in  Fig.  3. 

This   was   effective    and    convenient,    saving    considerable 
"  floured  "  and  "  sickened  "  mercury.     It  is  a  modified  form^  of 
the  Spitzlutte,  having  a  copper-plate  on  the   slope    on  which 
the  pulp  falls.     In  the  figure  A  is  an  inlet-pipe  to  supply  water 
for  the  upward  current  at  B.     C  is  a  board  set  in  across  the 
trap  to  prevent  surface-currents.     D  is  a  V-shaped  trough  across 
the  bottom  of  the  trap  to  receive  the  mercury  and  the  heaviest 
sands.     E  is  an  opening  into  the  trough  at  its  point,  into  which 
is  screwed  a  short  nipple,  covered  with  a  cap.     When  it  is  nec- 
essary to  clean  the  trough,  the  cap  is  taken  off  from  the  nipple 
and  a  piece  of  pipe  which  fits  closely  inside  the  nipple  is  inserted 
and  worked  in  and  out,  cleaning  the  entire  length  of  trough. 
The  copper-plate   on  the  sloping  bottom  of  the  trap  worked 
well,  but  it  was  necessary  to  clean  it  often,  owing  to  filming  by 

the  oxide. 

Woo^.— About  ^ota  cord  of  dry  spruce  and  pine  was  used 
per  hour,  or  about  j\  cord  per  ton  of  ore.  This  would  indi- 
cate about  12  H.  P.  as  the  power  required  to  operate  the 
stamps.  This  could  be  greatly  reduced  by  covering  the  boiler 
with  a  brick  casing. 
VOL.  XXVI. — 36 
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Capacitij. — The  capacity,  of  course,  varied  according  to  the 
nature  of  the  ore.  Sometimes  it  amounted  to  -^  of  a  ton  per 
hour,  where  the  ore  was  soft  and  decomposed.  At  other  times 
it  was  only  -^-^  of  a  ton  per  hour,  when  the  ore  was  principally 
quartz.     The  average  was  12  tons  per  24  hours. 

Water. — The  apron-plates  were  at  first  set  on  a  slope  of  IJ 
inches  to  the  foot,  and,  owing  to  the  large  amount  of  iron 
present,  it  was  necessary  at  times  to  use  as  much  as  3000  gal- 
lons of  water  per  ton  of  ore.  On  setting  the  plates  on  a  slope 
of  2  inches  to  the  foot,  this  was  reduced  to  1000  or  1200  gal- 
lons per  ton.  The  water  supply  is  furnished  by  a  IJ-inch  pipe 
line  about  500  feet  long,  with  a  head  of  30  feet,  which  is  more 
than  sufficient  for  all  needs. 


i 
I 

D 
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General  Remarhs. — Considerable  objection  has  been  offered 
by  some  based  on  the  alleged  liability  of  oil  or  oily  water  find- 
ing its  way  to  the  plates  from  the  steam-chest.  At  first,  this  did 
annoy  us ;  but  by  keeping  the  packing  of  the  piston  in  good  con- 
dition, it  was  almost  entirely  avoided.  As  a  precautionary 
measure,  we  substituted  for  the  collar  or  flange  attached  to  the 
stem  to  actuate  the  feeder-arm,  as  before  explained,  castings  of 
similar  form,  only  with  the  addition  of  a  rim  around  the  edge 
to  form  a  cup.  This  cup  was  of  sufficient  size  to  extend  out 
from  the  stem  the  same  distance  as  did  the  tightening-rings 
of  the  steam-chest,  so  that  any  drip  would  fall  into  it.  This 
was  filled  with  cloth,  which  would  absorb  the  drip  as  it  fell, 
and  was  occasionally  sprinkled  with  soap  sha\dngs  or  pearline, 
which  emulsified  the  oil  carried  down.  Graphite  lubricator, 
manufactured  by  The  Joseph  Dixon  Co.,  will  probably  soon  be 
experimented  with,  and  the  results  will  be  reported.  A  cir- 
cumstance may  be  mentioned  in  this  connection  which  may  be 
of  interest.  At  first,  lye  or  caustic  potash  was  used  to  destroy 
the  oil,  and  a  greenish  scum  would  form  on  the  plates  which  it 
was  impossible  to  keep  ofl".     On  entering  the  mill  one  day,  a 
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faint  odor  of  ammonia  Avas  detected,  and  the  idea  suggested 
itself  at  once  that  there  might  be  sufficient  iron  held  in  solu- 
tion by  the  battery  water,  dissolved  from  the  ore,  to  be  acted 
upon  by  the  ammonia  generated  by  the  chemical  combination 
of  the  sal-ammoniac  (used  to  clean  the  plates  occasionally)  with 
the  caustic  potash,  and  be  precipitated  as  ferrous  hydrate, 
Fe(OH)„  forming  the  scum  mentioned.  Acting  on  this  sug- 
gestion, samples  of  the  water  were  filtered  oif  from  the  tailings 
and  treated  with  NH^OH.  The  hydrate  was  precipitated  in 
considerable  quantity.  As  a  check,  other  samples  of  the  water 
were  treated  Avith  K^FeCyg,  and,  after  standing  a  few  hours, 
the  blue  coloration  was  very  strong.  The  use  of  lye  was  dis- 
continued, and  the  scum  disappeared. 

After  about  400  tons  of  ore  had  been  crushed,  a  scale  was 
formed  on  the  large  ap-ron-plate  (No.  1)  composed  of  hard  amal- 
gam, making  the  plate  work  unevenly.  This  scale  was  removed, 
and  the  value  of  it  was  found  to  represent  about  10  per  cent, 
of  the  entire  value  of  am-algam  recovered  from  the  plate,  or 
about  $200,  or  50  cents  per  ton  of  ore  treated.  Tests  were 
made  to  determine  the  fineness  in  gold  and  silver  of  the  bul- 
lion produ;ced  from  this  scale,  as  well  as  from  the  amalgam 
from  the  several  plates^  taking  the  three  outside  battery-plates 
as  one. 

The  re&ults  were  as  follows: 


Table  II. — Fineness  of  Bullion  from  Scale  and  Plates. 


Product. 

Scale. 

Battery- 
Plates. 

Apron 
Plate 
No.  1. 

Apron 
Plate 
No.  2: 

Apron 
Plate 
No.  3. 

Apron 
Plate 
No.  4. 

Apron 
Plate 
No.  5. 

Amalgam  (mg)i 

5000 
1607 
32.1 

4000 
13M> 
32.8 

1860 
413 
22.2 

781.2 
218.8 

4000 
525 
13.1 

2000 
307 
15.3 

2000 
260 
13.0 

3000 

426 

14 

Retort  (mg) 

Retort  (per  cent.) 

Gold  (lOOOths) _ 

Silver     "        

&10.9 
159.1 

827.7 
172.3 

575.2 
424.8 

566.6 
433.4 

555.8 
444.2 

547.5 
452.5 

1000:0 

loeo.o 

1000.0 

1000.0 

1000.0 

1000.0 

1000.0  . 

The  bullion  was  refined  directly  frora  the  retort  of  the  dif- 
ferent samples,  as  the  proportion  existing  between  the  gold  and 
silver  was  all  that  was  sought.  The  results  show  that  the  gold 
fineness  decreases  as  distance  is  gained  from  the  battery;  also 
that  the  proportion  of  bullion  to  the  amalgam  also  decreases  in 
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the  same  direction.  The  tool  used  to  remove  the  scale  from  the 
plate  was  a  common  putty-knife,  having  the  blade  cut  oft'  to 
about  one-half  its  length,  and  dressed  with  a  file  to  have  a  slight 
bevel.  This  edge  was  further  dressed  on  an  oil-stone,  so  that  it 
would  loosen  the  scale  without  "  scraping  "  so  as  to  expose 
the  copper.  The  plate  was  left  in  excellent  condition,  and,  after 
a  few  hours,  was  perfectly  normal. 

After  crushing  200  tons,  the  guide-blocks,  set  in  the  top  of  the 
mortar,  were  considerably  worn,  especially  at  the  front  of  the 
stem.  Strips  of  old  rubber  belting  were  inserted  in  these  open- 
ings to  keep  the  stems  in  place,  and  were  found  to  work  ad- 
mirably, obviating  the  necessity  of  putting  in  new  guide-blocks. 
These  strips  had  to  be  renewed  about  every  two  weeks. 

A  number  of  tests  were  made  to  determine  the  percentage  of 
possible  amalgamation,  which  was  found  to  range  from  48  to  60 
per  cent,,  averaging  50  per  cent.  In  actual  practice,  the  .per- 
centage ranged  from  40  to  55  per  cent.,  averaging  48  per  cent.  It 
is  safe  to  say,  therefore,  that  the  amalgamation  was  practically 
complete. 

It  would  seem  that  the  field  of  usefulness  of  the  steam-stamp 
in  connection  with  amalgamation  is  bound  to  increase  in  pro- 
portion as  it  becomes  better  known. 


The  Ore-Shoots  of  Cripple  Creek. 

BY   EDWARD   SKEWES,   CRIPPLE  CREEK,   COLt). 

(Colorado  Meeting,  September,  1896.) 

Introduction. 
In  view  of  the  importance  of  the  Cripple  Creek  district,  the 
large  amount  of  the  publications  concerning  it,  and  the  circum- 
stance that  many  members  of  the  Institute  reside  in  it,  or  are 
familiar  with  it  through  repeated  visits,  it  is  surprising  that  our 
Transactions  should  have  remained  so  long  without  any  con- 
tributions on  the  subject.  The  same  observations  may  be  made 
with  regard  to  the  Witwatersrand,  in  South  Africa,  the  other 
great  productive  gold-field  of  recent  development.  And  I  sup- 
pose the  explanation  is  the  same  in  both  cases,  namely,  that 
the  members  of  the  Institute  personally  acquainted  with  the 
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economic  geology  of  these  districts  have  been  so  intensely  and 
continuously  employed  in  their  actual  development  that  they 
could  not  find  time  to  prepare,  for  the  information  of  profes- 
sional students,  general  descriptions  of  the  geology  and  ore- 
deposits  of  the  regions  concerned.  Fortunately,  in  the  case  of 
Cripple  Creek,  the  deficiency  has  been  made  up  by  a  report  of 
the  United  States  Geological  Survey,  by  Messrs.  Whitman 
Cross  and  R.  A.  F.  Penrose,  Jr.,*  which  refiects  the  highest 
credit,  not  only  on  the  authors  for  their  skilful  and  thorough 
work,  but  also  on  the  Director  of  the  Survey,  for  the  early  in- 
auguration and  vigorous  prosecution  of  such  an  investigation, 
and  the  prompt  publication  of  its  results.  Without  disparage- 
ment of  the  previous  work  of  the  United  States  Geological 
Survey  in  the  Rocky  Mountain  region,  it  may  be  frankly  said 
that  many  of  the  important  monographs  of  the  Survey  in 
economic  geology  have  appeared  after  so  much  delay  in  prepa- 
ration and  in  printing  as  to  constitute  rather  contributions  to 
history  and  to  general  science  than  immediate  aids  to  the  intel- 
ligent exploration  and  exploitation  of  the  districts  described. 
No  doubt,  scientific  accuracy  and  permanent  value  are  promoted 
by  such  delay  (provided  it  is  not  wholly,  as  has  been  sometimes 
the  case,  on  the  part  of  the  government  printer),  and  no  doubt, 
also,  the  publication  of  earlier  reports,  based  on  less  extensive 
underground  data,  should  not  take  the  place  of  later  and  more 
mature  utterances;  nevertheless,  the  prompt  appearance  of  sci- 
entific official  reports  from  competent  and  disinterested  sources 
is  a  boon  to  prospectors  and  mining  engineers,  for  which  they 
cannot  be  too  grateful.  Though  such  general  descriptions  may 
require  subsequent  enlargement  or  correction  in  details,  they 
serve  an  immensely  important  purpose  in  simplifying  and  clari- 
fying popular  views,  unifying  popular  nomenclature,  and  guid- 
ing explorations.  Concerning  the  work  of  Messrs.  Cross  and 
Penrose,  it  is  only  fair  to  say  that  it  combines  with  this  quality 
of  practical  usefulness  so  high  a  degree  of  scientific  accuracy 
that  the  question,  whether  its  general  theoretical  conclusions 
will  be  impaired  hereafter  can  only  be  answered,  at  this  time, 
in  the  negative. 

As  an  introduction  to  the  observations  presented  in  this  pa- 

*   U.  S.  Oeol.  Sur.,  16th  Ann.  Rep.,  Part  II.,  pp.  13-209. 


THE    ORE-SIIOOTS    OF    CRIPPLE    CREEK.  555 

per  concerning  a  limited  part  of  the  general  subject,  the  follow- 
ing statements  are  quoted  or  condensed  from  the  report  men- 
tioned : 

Mr.  Cross  describes  the  Cripple  Creek  district  as  situated  in 
a  group  of  hills,  mostly  rounded,  7  to  12  miles  southwest  of 
Pike's  Peak,  and  9000  to  10,000  feet  above  sea-level.  These 
hills  consist  almost  entirely  of  volcanic  rocks,  and  indicate  the 
successive  phenomena  of  a  true  volcano ;  the  principal  material 
being  breccia  or  tutf,  resulting  from  a  succession  of  explosive 
outbursts,  Avhile  the  igneous  magmas  erupted  were,  first,  ande- 
site;  then  phonolite  (in  numerous  eruptions,  alternating  with 
explosive  outbursts) ;  and  finally,  a  number  of  highly  basic 
eruptives  in  small  dikes.  Gaseous  exhalations  have  played  a 
part  at  certain  periods,  and  "  in  the  final  stage  of  the  volcanic 
cycle,  hot  waters  circulated  through  the  more  or  less  permeable 
mass,  and  decomposed  the  rocks  to  a  great  extent.  The  for- 
mation through  which  the  Cripple  Creek  volcano  burst,  and 
upon  which  its  superficial  materials  lie,  is  the  granite-gneiss 
complex  of  the  Colorado  range."  Since  the  close  of  volcanic 
activity,  "  the  granitic  plateau  and  the  volcanic  accumulations 
upon  it  have  been  greatly  modified  by  erosion." 

Mr.  Penrose  summarizes  the  geological  conditions  as  follows  :* 

"Tlie  gold  of  the  Cripple  Creek  district  is  found  both  in  vein  deposits  and  in 
placer  deposits  derived  from  the  decay  and  erosion  of  the  veins  and  country- 
rock.  Though  the  placers  have  produced  considerable  quantities  of  gold,  the 
veins  are  far  more  important  and  supply  most  of  the  gold  of  the  district.  They 
generally  occur  in  fissures  in  the  country-rock,  which  usually  represent  slight 
faulting,  while  more  rarely  they  occur  in  other  positions.  The  veins  intersect  all 
rocks  in  their  course  and  have  been  formed  mostly  by  a  replacement  along  the  fis- 
sures and  not  by  the  filling  of  open  gaps. 

"  The  district  is  essentially  an  elevated  area  of  Tertiary  volcanic  breccia  cut  by 
numerous  massive  eruptive  rocks  in  the  form  of  irregular  bodies  and  dikes,  and 
surrounded  on  all  sides  by  granite.  Besides  the  intrusive  bodies  of  eruptive  rocks, 
the  breccia  area  also  contains  massive  eruptive  rocks  which  were  formed  before 
the  breccia  area  and  which  now  represent  included  bodies.  Bodies  of  granitic 
rocks  are  also  included  in  a  similar  manner.  Tlie  region  of  eruptive  rocks  is 
about  3  miles  long  in  a  north-and-south  direction  and  about  2h  miles  wide  in  an 
east-and-west  direction,  comprising  an  area  of  about  7  square  miles. 

*■  From  later  Cretaceous  well  down  into  Tertiary  times,  eruptive  outbreaks  were 
active  throughout  the  country  now  occupied  by  the  Rocky  Mountains,  and  the 
vast  quantities  of  lavas,  breccias,  tuffs,  and  eruptive  materials  of  other  kinds 
found  in  this  region  from  Canada  to  Mexico  were  poured  out  largely  during  this 
period.     The  area  now  occupied  by  the  mining  district  of  Cripple  Creek  is  in  part 

*  Op.  cit,  pp.  137,  138. 
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on  the  site  of  a  volcanic  vent,  or  possibly  of  more  than  one  vent,  formed  in  Ter- 
tiary times.  The  region  originally  consisted  entirely  of  granitic  rocks,  such  as 
now  compose  most  of  the  Pike's  Peak  range,  but  during  the  period  of  volcanic  ac- 
tivity a  vent  or  series  of  vents  was  formed,  and  was  the  scene  of  a  series  of  explo- 
sive eruptions  which  ejected  large  quantities  of  eruptive  rocks  in  a  fragmental 
condition,  thus  forming  the  volcanic  breccia  which  now  comprises  the  larger  part 
of  the  district  and  which  includes  bodies  of  the  original  eruptive  rocks  from  which 
it  was  derived.  Much  of  this  breccia  was  thrown  over  the  immediately  surround- 
ing granite,  and  at  the  end  of  the  time  of  eruption  the  vent  or  neck  itself  was 
filled,  choked  up  as  it  were,  with  the  same  breccia,  so  that  the  present  area  of 
volcanic  materials  is  underlain  partly  by  granite  and  partly  by  the  filled-up  vent. 

"  After  and  probably  during  the  outbreak  of  breccia,  eruptive  masses  of  ande- 
site,  phonolite  and  other  rocks  were  intruded  into  the  breccia  area  in  the  form  of 
large  bodies  and  of  dikes.  Some  of  these  rocks  overflowed  a  little  on  the  surface, 
covering  limited  areas  ;  but  some  of  them,  as  seen  now,  show  no  overflow,  though 
such  may  have  existed  once  and  may  since  have  been  eroded.  The  bodies  of  mas- 
sive eruptive  rocks  are  not  confined  to  the  breccia  area  alone,  but  also  occur  in 
the  surrounding  granite  area,  as  seen  on  Mount  Pisgah,  Beacon  hill.  Grouse 
mountain.  Little  Pisgah  mountain  and  elsewhere,  while  the  whole  of  the  imme- 
diately surrounding  granite  area  is  much  cut  up  by  dikes  in  the  same  manner  as 
the  breccia. 

"The  dikes  intersect  all  other  rocks  in  the  district,  and  pass  indiscriminately 
from  granite  to  breccia  and  from  breccia  to  granite.  They  were  the  last  signs  of 
eruptive  activity,  and  their  appearance  is  evidence  of  the  epoch  of  Assuring  which 
lasted  long  after  the  dike  action  had  ceased.  They  are  of  various  compositions, 
and  from  a  few  inches  to  many  feet  in  width,  generally,  however,  averaging  from 
1  to  10  feet.  The  fact  that  they  intersect  each  other  is  evidence  that  they  were 
formed  at  intervals  during  a  certain  period  in  the  geological  history  of  the 
district." 

Concerning  the  occurrence  of  the  ores,  the  following  obser- 
vations are  compiled  from  Mr.  Penrose's  report : 

1.  The  vein-fissures  do  not  seem,  as  a  general  rule,  to  have 
been  the  earliest  ones.  The  fissures  filled  by  the  dikes  seem  to 
have  been  generally,  though  not  always,  earlier. 

2.  The  general  course  of  the  vein-fissures,  like  that  of  the 
dikes,  varies  from  northeast  to  northwest,  and  in  many  cases 
is  nearly  north  and  south.  There  are,  however,  a  few  promi- 
nent exceptions. 

3.  The  vein-fissures  were  not  open  gaps,  but  almost  closed 
lines  of  fractures,  and  the  vein-filling  is  largely  due  to  a  replace- 
ment of  the  country-rock. 

4.  These  fissures  were  lines  of  movement,  though  the  fault- 
ing was  rarely  extensive.  Parallel  cracks,  etc.,  constituting 
fissured  zones,  are  frequent. 

5.  The  vein-fissures  traverse  both  the  brecciated  and  the 
solid  rocks,  including  the  country  granite,  and  their  nature  is 
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much  affected  by  the  character  of  the  rocks  they  intersect — 
the  fissures  being  much  better  defined  in  granite  massive  erup- 
tives  or  hard  breccia  than  in  more  plastic  rocks,  like  soft,  tufa- 
ceous  breccia. 

6.  The  ore-bearing  vein-materials  are  bodies  of  secondary 
minerals  filling  the  fissures.  They  occur  in  all  the  rocks — 
granite,  massive  eruptives  and  breccia — and  have  been  followed 
many  hundred  feet  in  depth,  without  showing  signs  of  exhaus- 
tion. "  The  ore  generally  appears  to  be  simply  the  country- 
rock,  containing  greater  or  less  quantities  of  secondary  minerals, 
which  decrease  in  amount  with  distance  from  the  fissure  along 
which  they  were  deposited."     Many  fissures  are  barren. 

7.  It  is  frequently  found  that  the  ore-bearing  veins  follow  the 
dikes  for  greater  or  less  distances.  Mr.  Penrose  holds,  how- 
ever, that  the  veins  are  seldom  true  contact-formations  between 
the  dikes  and  the  coiintry-rock.  In  his  opinion,  the  vein-fis- 
sures, being  generally  of  later  formation  than  the  dikes,  have 
been  simply  affected  in  their  course  (and  perhaps  also  in  the 
deposition  of  their  mineral  contents)  by  the  pre-existing  dike- 
fissures  which  they  have  encountered.  The  typical  relation  be- 
tween the  two  fissure-systems,  according  to  his  view,  is  that  of 
a  more  or  less  oblique  intersection,  with  a  deflection  of  the 
(later)  vein-fissure,  due  to  the  line  of  structural  weakness  in 
the  rock  produced  by  the  previous  dike-fissure.  The  latter  may 
have  furnished  also  water-channels,  shrinkage-cracks,  etc.,  favor- 
ing ore-deposition. 

8.  The  gold  occurs  in  the  ores  as  telluride  of  gold,  free  gold 
(derived  from  the  decomposition  of  the  telluride),  and  possibly 
in  auriferous  pyrite — the  last  being  the  least  important  oc- 
currence. 

9.  The  gold  is  not  uniformly  distributed  throughout  the  vein- 
fissures,  but  is  relatively  concentrated  in  ore-shoots.  Mr.  Pen- 
rose says  (page  162  of  Report) : 

"The  Cripple  Creek  shoots  are  of  varying  shapes  and  richness,  and  they  trend 
in  various  directions  in  the  fissures,  though  possibly  in  many  of  them  a  general 
southern  pitch  down  and  along  the  fissure  is  more  common  than  any  other.  This 
is  most  often  noticeable  where  the  course  of  the  shoot  is  guided  by  certain  trans- 
verse fissures,  to  be  mentioned  later.  Elsewhere  the  shoots  may  dip  vertically, 
and  more  rarely  a  little  to  the  north.  They  vary  from  one  to  several  hundred  feet 
along  the  fissures,  and  from  a  few  inches  to  several  feet  in  thickness.  In  some 
places  they  have  a  well-defined  columnar  shape,  in  others  they  have  forms  of  no 
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regularity  whatever.  In  some  places  they  outcrop  at  the  surface,  in  others  their 
apex  is  many  feet  below  the  surface  ;  in  some  places  they  are  very  continuous  in 
depth  and  extend  as  deep  as  they  have  yet  been  followed,  in  others  they  come  to 
an  end  at  a  comparatively  shallow  depth,  though  occasionally  these  shallow  shoots 
are  replaced  by  others  at  a  greater  depth." 

By  way  of  further  preliminary  explanation,  the  following 
rough  geographical  statement  may  be  of  use  : 

The  observations  recorded  in  this  paper  cover  an  area  of 
about  12  square  miles,  and  for  convenience,  the  reader  may 
imagine  a  territory  3  J  miles  square,  having  the  town  of  Cripple 
Creek  in  the  northwest,  and  the  town  of  Victor  in  the  south- 
east quarter,  the  distance  by  air-line  between  the  two  being 
about  3  miles.  At  about  the  center  of  this  square  would  be 
Raven  hill ;  a  mile  N.W.  of  which  is  Gold  hill ;  about  the 
same  distance  KE.,  Bull  hill;  a  mile  and  a  half  S.  of  Bull  hill, 
Battle  mountain  (in  the  S.E.  quarter  of  the  square),  and  a  mile 
"W.  of  Battle  mountain,  Beacon  hill  (in  the  S.W.  quarter) — 
these  distances  being  roughly  estimated  by  air-line.  There  are 
many  other  hills  in  the  district,  but  these  are  here  enumerated 
because  they  are  the  localities  of  the  mines  hereinafter  men- 
tioned. All  of  them  (except  Beacon  hill)  consist  at  the  surface 
of  andesitic  breccia  and  tuff,  with  underlying  granite  and  dikes 
of  phonolite,  etc.  In  Raven  hill  the  basaltic  dikes  are  most 
numerous,  and  the  veins  are  most  closely  associated  with  them. 
In  Gold  hill  the  characteristic  breccia  of  the  region  predomi- 
nates, and  in  this  hill  is  the  S.E.  termination  of  a  schistose 
dike,  the  IST.W.  extremity  of  which  is  in  Mineral  hill,  more 
than  a  mile  away  (on  the  northern  end  of  the  square).  In  Bull 
hill  the  massive  eruptives  occur,  with  typical  phonolite,  and 
the  rocks  are  extensively  fissured.  Battle  mountain  is  almost 
entirely  surrounded  by  granite  and  abounds  in  andesite.  Beacon 
hill  is  characteristically  phonolite. 

The  main  purpose  of  this  paper  is  to  put  on  record  some 
facts  concerning  the  occurrence,  and  more  particularly  the 
pitch,  of  the  ore-shoots  in  the  localities  named. 

Raven  Hill. 
Doctor. — The  course  of  the  Doctor  vein  is  KE.  and  S.W.,* 
with  a  dip  to  the  N.W.  at  the   surface  of  38°,  and  at  greater 

*  This  is  one  of  the  few  claims  in  the  camp  the  vein  of  which  runs  through 
the  location  parallel  with  the  side-lines. 
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depths  of  G0°.  The  ore-shoots  pitch  with  the  dip  of  the  vein 
to  the  X.AV'.  In  June,  1895,  there  was  seen  in  this  claim  the 
best  surface-showing  ever  witnessed  in  the  camp.  The  charac- 
teristic cubes  of  gold  varying  in  width  from  |  to  ^,  and  in 
length  from  |  to  |  inch,  were  abundant  through  an  uncov- 
ered area  12  inches  wide  and  15  feet  long. 

There  are  three  well-defined  ore-shoots  on  this  vein,  all  hav- 


Fig.l 


Plan  of  Shoot  in  Doctor  Vein. 


ing  the  same  pitch.  None  of  the  shoots  show  improvement  in 
values  with  depth ;  in  fact,  the  richest  ores  were  mined  within 
60  feet  of  the  surface. 

The  North  Star  vein,  on  the  Doctor  claim,  has  a  N.-S.  course 
and  dips  W.  The  ore-shoot  pitches  north.  At  a  depth  of  360 
feet  the  shoot  yields  from  a  3-foot  vein  the  best  ore  it  ever  has 
shown. 

A  peculiar  feature  appears  in  the  main  shoot  of  the  Doctor 
vein,  the  lil^e  of  which  I  do  not  know  elsewhere.  Fig.  1,  a 
diagram-plan,  will  give  a  rough  idea  of  its  shape,  not  unlike  the 
letter  S.  The  portion  b,  b,  although  within  the  boundaries  of 
the  vein,  which  has  well-defined  walls,  is  waste  rock.  Its  phys- 
ical characters  are  similar  to  those  of  other  parts  of  the  shoot, 
but  without  value ;  whereas  c,  c,  beyond  the  limits  of  the  vein, 
carries  value.  This  letter  S  has  occurred  on  the  hanging-wall 
twice.  The  volumes  of  6  and  c  were  approximately  equal.  The 
pay-streak  is  richer  on  the  hanging-wall,  and  only  twice  has  it 
changed  or  crossed  from  the  hanging-  to  the  foot-wall. 

Chief. — The  course  of  this  vein  is  N.  and  S. ;  the  dip  may  be 
said  to  be  vertical,  as,  at  a  depth  of  280  feet,  the  vein  is  less 
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than  10  feet  from  the  shaft.  The  pitch  of  the  ore-shoot  is  to 
the  north.  Dr.  Penrose  says  :  "  The  ore  occurs  in  more  or  less 
close  association  with  two  intersecting  dikes  in  the  breccia,  one 
striking  approximately  north  and  south,  and  the  other  a  little 
north  of  west  and  south  of  east."  The  ore-shoot  pitches  to  the 
north-and-south  dike. 

Mr.  Cone,  one  of  the  owners,  to  whom  I  am  indebted  also  for 
information  respecting  the  Doctor,  told  me  that,  when  the  shaft 
reached  210  feet,  a  nearly  square  chimney  of  mineralized  rock 
10  inches  square,  of  an  average  value  of  $75  per  ton,  made  its 
appearance,  and  continued  in  the  shaft  for  16  feet.  At  the 
depth  of  226  feet  the  chimney  broke  off  abruptly.     It  had  no 
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Elkton  Vein,  Horizontal  Section  above  1st  Level,    a,  pay-streak  ;  6,  vein  ;  c,  brec- 
cia, country  rock. 

connection  with  the  vein,  and,  when  first  struck,  was  supposed 
to  be  the  apex  of  a  new  ore-shoot. 

Elkton. — This  claim  and  the  Walter,  mentioned  below,  are 
now  both  owned  by  the  Elkton  Consolidated  M.  and  M.  Co. 
In  October,  1893, 1  examined  the  shaft,  then  about  25  feet  deep. 
At  that  depth  the  vein  was  fully  6  feet  wide,  consisting  of 
square  blocks  of  rocks,  resembling  a  poorly  constructed  massive 
wall  without  any  mortar.  The  joints  were  from  6  to  8  inches 
apart,  and  the  rock-masses  varied  from  2  to  3  feet  in  diameter 
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Elkton  Vein,  Horizontal  Section  on  1st  Level,    o,  pay-streak  ;  6,  vein  ;  c,  breccia. 

country  rock. 

and  were  best  mined  with  crowbars.  The  first  shipments, 
without  any  sorting,  yielded  5  ounces  of  gold  per  ton.  The 
richest  part  of  the  vein  was  a  sand-quartz,  stained  with  fluorite, 
in  which  there  was  considerable  free  gold. 
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The  course  of  the  vein  is  N.  2°  W.  and  the  dip  85°  east. 
The  Elkton  shaft  is  vertical  At  300  feet  and  at  400  feet  the 
vein  was  intersected  by  cross-cuts,  12  and  18  feet  long,  respec- 
tively.    The  pitch  of  the  ore-shoot  is  75°  to  the  north. 

The  walls  at  the  third  level  are  almost  perfect  for  400  feet, 
especially  the  east  wall. 

Fig.  2  is  a  diagram  of  the  horizontal  section  of  the  vein,  as 
seen  in  August,  1894,  25  feet  above  the  first  or  100-foot  level 
(which  has  since  been  stoped)  and  40  feet  S.  of  the  discovery- 
shaft.  The  pay-streak  crossed  from  the  E.  to  the  W.  wall  as 
shown.  I  sampled  the  pay-streak  where  it  crossed  the  dike, 
and,  for  the  5  feet  across  the  dike,  it  assayed  $80.40  per  ton. 
The  main  part  of  the  dike  carried  only  a  few  dollars'  value,  and 
was  left  on  the  stulls. 

Fig,  3  is  a  horizontal  section  at  the  first  level,  60  feet  north 
from  the  main  shaft.  Here  the  pay-streak  crossed  from  the  W. 
to  the  E.  wall.  My  sample  from  the  portion  within  the  dike, 
however,  carried  no  values,  although  the  pay-streak  when  on 
the  walls  was  of  the  regular  values.  The  vein,  after  leaving 
either  side  of  the  dike,  continues  for  a  distance  of  about  20 
feet  as  a  sheeted  iron-stained  rock,  1  inch  wide,  which  gradu- 
ally tapers  out  entirely. 

The  course  of  the  dike,  in  and  along  which  the  pay-streak  is 
found,  is  the  same  as  that  of  the  vein,  the  pay-streak  being 
really  an  altered  part  of  the  dike,  the  rock  being  partially  or 
wholly  replaced  by  quartz,  iron  oxide,  fluorite,  etc.  All  the 
dikes  on  Raven  hill  are  enclosed  in  the  breccia. 

The  depth  of  the  superficial  alteration  of  the  rock  was  ap- 
proximately 170  feet.  The  ore  at  that  depth  was  largely  a 
porous  quartz,  stained  throughout  with  fluorite.  The  vein  was 
not  at  all  sheeted. 

Walter. — This  claim  is  800  feet  in  length.  The  dike  after 
leaving  the  Katherine  claim,  passes  through  the  Walter  claim, 
in  which  it  has  been  opened  for  740  feet  in  length  (see  Fig.  4). 
The  Raven  dike  (which  is  the  Elkton  dike)  and  the  Katherine 
or  "Walter  dike  unite  between  the  Katherine  shaft  and  the  Elk- 
ton discovery.  The  course  of  the  Raven  dike  is  X.  5°  E.,  that 
of  the  Walter  dike  is  iN".  2°  W.,  and  from  the  point  of  meeting 
of  the  dikes  the  course  is  about  due  south. 

In  this  hill  there  is  a  decided  tendency  for  the  vein  and  dikes 
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Diagram,  Showing  Course  of  Raven  and  kathcrine  Dikes. 
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io  split  as  they  travel  north,  or  up  the  hill.  In  the  southern 
part  of  the  hill  there  is  only  one  well-defined  vein  or  dike, 
whereas  northward  the  one  dike  becomes  two  dikes  on  the 
north  end  of  the  Elkton  claim  ;  one  part  (the  Raven  dike)  main- 
taining its  normal  course,  the  other  part  taking  a  W.  of  N". 
course.  Near  the  breast  of  the  Elkton  No.  1  level,  740  feet  to 
the  north  of  the  Walter  line,  the  latter  dike  is  split  again,  one 
branch  (driven  on  for  25  feet)  going  'N.  8°  W.,  the  other 
part  taking  the  usual  direction;  and  still  further  north,  several 
other  veins,  having  the  same  general  strike  and  dip  and  com- 
posed of  much  the  same  material,  have  been  found.  Similar 
conditions  exist  on  Battle  mountain,  where  on  the  south  end 
of  the  south  slope,  the  Independence  and  the  Strong  are  the 
only  well-known  veins ;  while  on  the  north  end  of  the  south 
slope  there  are  a  dozen  veins.  On  the  south  end  of  the  south 
slope  of  Gold  hill,  the  only  well-known  vein  is  the  Anaconda, 
while  on  the  north  end  of  the  south  slope,  and  on  the  apex, 
there  are  many  well-known  veins  which  are  producing  ore. 
The  same  conditions  exist  on  Bull  hill.  Globe  hill  has  nothing 
in  common  with  the  other  hills  of  the  camp,  and  since  1892  has 
been  "  the  black  sheep." 

Such  a  general  feature  indicates  that  vein-formation  in  this 
camp  was  not  unlike  the  growth  of  a  tree — the  trunk  first,  the 
branches  next.  In  the  Engineering  and  Mining  Journal  of  Feb- 
ruary 16,  1895,  page  151,  I  said  : 

"I  find  in  every  place  examined  that  in  the  contact  or  intersection  of  a  vein 
with  the  phonolite  dike,  the  dike  has  been  the  intersecting  medium,  and  there  is 
scarcely  a  case  where  it  has  in  the  least  faulted  a  vein.  The  eruption  of  the  dikes, 
I  am  inclined  to  believe,  was  not  violent,  as  the  enclosing  breccia-rock  is  not 
altered  or  metamorphosed,  or,  if  so,  it  is  not  observable." 

The  contour  of  the  surface  indicates  nothing  of  the  explosive 
type  of  eruption. 

As  may  be  seen  by  the  accompanying  sketch.  Fig.  5,  of  the 
Walter,  one  of  the  Katherine  ore-shoots  pitches  into  the  Walter 
at  an  angle  of  45°.  The  same  shoot  may  be  plainly  seen  in 
Elkton  No.  2  level  in  the  Walter  ground,  Elkton  No.  3  level 
not  being  sufificiently  advanced  north  to  encounter  it.  This 
shoot  is  30  feet  in  length,  and  left  the  Katherine  ground  60 
feet  above  the  Elkton  No.  1  level.  After  that  ore-shoot  has 
been  passed  in  the  level's  northward  course,  a  barren  piece  of 
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ground  80  feet  in  length  was  encountered,  which  being  passed, 
the  main  ore-shoot  comes  in  from  the  south  with  a  pitch  of  70° 
toward  the  north,  and  continues  north  to  the  present  breast  600 
feet. 

This  long  shoot  is  not  rich,  although  there  are  rich  shoots 
and  pockets  in  it.  The  average  width  has  been  fully  4  feet,  25 
per  cent,  of  which  samples  by  car-load  lots  2i  ounces  of  gold 
per  ton.  The  pay-streak  in  this  long  shoot  is  not  at  all  regular, 
but  consists  of  a  greenish  quartz,  often  found  in  the  center  of 
the  vein,  and  always  associated  with  free  gold.  The  walls  are 
much  broken  up,  and  where  the  rich  shoot  is,  as  shown  in  Fig. 
5,  the  walls  are  very  much  softer,  as  is  also  the  vein.  In  the 
barren  ground  reaching  from  Walter  2  to  Elkton  No.  1  level 
the  vein  was  very  much  harder,  and  the  walls  consisted  of  large 
blocks.  Soft  ground  in  the  Walter  may  be  regarded  as  a  favor- 
able sign. 

It  may  be  added  that  north  of  the  rich  ore-shoot  (which 
sampled  over  20  ounces  of  gold  per  ton  for  12  inches  wide  and 
30  feet  in  length)  the  pay-streak  was  always  on  the  east  side ; 
whereas  south  the  pay-streak  was  on  the  east,  on  the  west,  and 
in  the  middle. 

As  stated  above,  the  Katherine  ore-shoot  was  found  on  the 
Elkton  2d  level  in  the  Walter  ground.  Where  it  was  found, 
the  ground  was  comparatively  soft,  and  the  east  wall  of  the  vein 
showed  a  variation  of  five  degrees  to  the  east ;  but  it  soon  re- 
gained the  usual  course,  K  2°  W.  The  shoot  is  approximately 
of  the  same  length,  30  feet. 

At  the  Elkton  3d  level,  in  the  Walter  ground,  about  100 
feet  north  of  the  south  boundary-line,  an  entirely  new  ore-shoot 
or  pocket  was  found,  25  feet  in  length,  6  feet  wide  and  of  the 
form  as  seen  in  the  roof  of  the  level  shown  in  Fig.  6.  This 
pocket  was  enclosed  in  the  regular  breccia.  By  simply  driv- 
ing through  the  ore-shoot  it  was  impossible  to  learn  the  pitch. 
The  ore  was  strictly  a  telluride,  scattered  through  small  seams. 
The  vein-material  was  full  of  small  vugs  or  crevices  ;  otherwise 
it  was  the  ordinary  breccia  mineralized.  From  this  pocket 
were  taken  three  car-loads  of  ore,  which  yielded  three  ounces  of 
gold  per  ton  without  sorting. 

This  shoot,  encountered  at  a  depth  of  520  feet,  is  another 
refutation  of  the  theory  which  has  been  advanced  respecting 
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Cripple  Creek  ore-slioots,  namely,  that  all  the  ore-shoots  come 
to  the  surface.     There  are,  in  fact,  many  shoots  whose  apexes 


are  found  at  from  80  to  500  feet  below  the  surface.    The  spread 
of  such  a  theory  has  been  the  cause  of  much  unwise  prospect- 
voL.  XXVI.— 37 
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iug.  The  present  systems  of  prospecting  are  :  1.  To  trench  or 
"  costean "  the  whole  surface  of  the  ground ;  2.  To  sink  a 
vertical  shaft  200  feet  deep  and  cross-cut  at  that  depth  to  the 
boundaries. 

Thomson. — This  claim  lies  south  of  the  Elkton  group,  which 
includes  the  Kentucky  Bill,  Elkton  and  Walter.  Fig.  4 
shows  the  course  of  the  dike  in  crossing  the  Apple  Ellen  and 
entering  the  Thomson  claim ;  it  also  shows  the  contact-line  be- 
tween the  granite  to  the  south  and  the  breccia  country-rock 


Form  of  Ore-Shoot  shown  in  Eoof  of  Elkton  3d  Level,  in  Walter  Mine. 

northward.  .The  ore-shoots  of  the  Thomson  are  in  proximity 
to  the  course  of  the  dike.  There  are  on  this  claim  two  chim- 
neys, entirely  in  the  granite.  No,  1  measures  about  70  feet 
from  N.W.  to  S.E.,  by  15  feet  maximum  width,  and  has  been 
followed  from  the  surface  to  the  depth  of  203  feet.  The  main 
mass  of  this  ore  is  low-grade.  The  dike  shows  a  few  isolated 
fragments  very  different  and  distinct  from  the  mass  of  the  dike- 
rock.  Shoot  No.  2,  another  pipe  or  chimney,  located  120  feet 
south  of  No.  1,  has  been  followed  only  60  feet  from  the  surface. 
Its  average  size  is  12  by  20  feet  in  cross-section,  and  it  contains 
a  larger  proportion  of  pay-ore  than  No.  1.  The  dike,  so  far  as 
disclosed,  is  not  immediately  in  contact  with  the  ore-body. 
The  maximum  width  of  the  dike  is  only  6  inches,  and  so  for  as 
developed,  it  appears  just  as  fragmentary  as  in   shoot  No.  1. 
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There  is  about  2  feet  of  barren  ground  between  the  dike  and 
the  ore.  In  fact,  the  basalt  dike,  as  it  enters  the  granite,  seems 
to  split  into  several  stringers,  and  thus  far  has  not  been  found 
south  of  the  Thomson  ground.  There  has  been  no  ore  found 
along  the  line  of  the  granite-contact  in  any  of  the  claims  shown 
in  Fig,  4. 

Haven. — The  length  of  the  ore-shoot  in  this  mine  (see  Fig. 
7)  varies  from  100  to  240  feet,  and  the  pitch  is  about  65°  to  the 
south.  The  paj'-streak,  like  others  in  Raven  hill,  changes  from 
the  foot-  to  the  hanging-wall  and  vice  versa  without  any  increase 
or  decrease  in  value.  It  is  difficult  to  tell,  except  by  assays, 
where  the  value  in  the  vein  ceases.  The  gouge  and  the  walls 
still  maintain  their  course  and  character,  as  also  do  the  rocks 
when  macroscopically  examined. 

This  vein  has  been  but  little  oxidized,  although  often  free 
gold  and  telluride  can  be  seen  in  the  rock  from  the  greatest 
depth  (460  feet)  yet  reached.  The  vein  was  not  oxidized  below 
100  feet  (whereas  the  "Walter,  adjoining,  is  completely  oxidized 
at  the  depth  of  450  feet) ;  but  the  tellurides  are  undergoing  de- 
composition at  the  present  time,  with  free  gold  in  the  form  of 
the  original  telluride  crystals  as  a  result. 

The  course  of  the  Raven  vein  is  in  the  main  N.  2°  E.,  and  its 
dip  75°  to  the  west  of  north.  The  walls  are  well  defined,  and 
the  vein  has  an  average  width  of  4  feet,  rarely  pinching  below 
that  point,  but  occasionally  swelling  to  10,  12  and  in  one  place 
to  16  feet  wide. 

This  is  the  only  vein  on  this  hill  known  to  me  in  which  slick- 
ensides  or  strim  have  been  found.  The  slickensides  present  a 
bright  metallic  luster,  often  called  native  silver,  showing  consid- 
erable friction  in  upward  or  downward  movement.  The  strice  are 
much  like  corrugated  iron  on  a  small  scale,  the  indentations 
being  about  J  of  an  inch  deep.    The  rock  is  the  ordinary  breccia. 

This  vein  differs  from  most  of  the  veins  of  the  hill  in  the  fol- 
lowing particulars :  it  is  relatively  unoxidized ;  changes  are 
apparently  taking  place  in  the  vein  daily;  while  the  other  veins 
follow  the  line  of  the  dike,  this  dike  follows  the  vein  for  600 
feet ;  it  is  the  only  vein  which  has  an  ore-shoot  pitching  south ; 
it  is  the  only  one  which  exhibits  slickensides  or  grooves ;  the 
character  of  the  ore  is  different,  in  that  it  contains  less  quartz 
or  fluorite  than  usual. 
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Moose. — This  vein  has  a  course  in  the  main  of  N.  12°  W. 
and  a  dip  of  80°  E.  by  K    There  are  two  ore-shoots,  one  north 


« 


and  one  south  of  the  shaft.     The  north  shoot  pitches  north  at 
an  angle  of  82°,  whilst  the  south  shoot  pitches  north  about  68°. 
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The  shaft  has  been  sunk  650  feet,  and  during  the  hast  few  feet  of 
sinking  a  little  ore  was  broken,  indicative,  perhaps,  of  the  apex 
of  another  ore-shoot.  The  influx  of  water  stopped  the  work. 
This  is  one  of  the  few  mines  of  the  camp  that  yield  silver 
largely.  Less  than  12  months  ago,  two  car-loads  were  taken 
from  the  south  ore-shoot,  which  yielded  54  ounces  gold  and  114 
ounces  silver  per  ton;  the  silver  being  in  part  native.  The 
average  of  the  silver-value,  however,  is  less  than  |5  per  ton. 

Gold  Hill. 

Moon- Anchor. — This  vein  varies  in  course  from  N".  26°  E.  in 
the  southern  portion  to  IS".  60°  E.  in  the  northern,  and  dips  75° 
S.E.  The  ore-shoot  is  about  70  feet  in  length.  The  width  of 
the  pay-streak  is  3  feet.  It  lies  on  the  hanging-wall,  and,  un- 
like the  Raven  hill  pay-streaks,  it  has  not  changed  to  the  foot- 
wall,  and  there  has  been  no  change  whatever  in  the  course  or 
dip  of  the  vein. 

This  ore-shoot  was  formerly  supposed  to  dip  south.  The 
reason  is  plain.  At  and  near  the  surface  the  ore-shoot  was 
funnel-shaped,  and  most  of  the  work  was  done,  and  the  prin- 
cipal part  of  the  ore  was  extracted,  from  the  north  side. 

The  regular  vein,  in  the  proximity  of  the  ore-shoot,  shows 
slickensides  on  the  hanging-wall. 

Occasionally  the  oie-shoot  yields  mineral  from  foot-  to  hang- 
ing-wall. This  is  one  of  the  few  mines  of  the  camp  where 
water-level,  or  the  line  of  permanent  saturation,  has  been 
reached.  The  influence  on  the  ore-shoot  or  the  vein  was  very 
feeble. 

Geneva. — This  claim  attracted  considerable  attention  during 
the  summer  of  1895.  The  ore-shoot  was  first  encountered  at 
from  70  to  80  feet  depth  by  the  sinking  of  a  vertical  shaft. 
From  that  depth  the  vein  inclines  to  the  east,  or  into  the  hill, 
at  an  angle  of  70°,  until  160  feet  is  reached,  the  course  being 
north  and  south.  From  160  feet  to  450  feet,  the  shaft  was  sunk 
on  the  vein,  which  is  vertical.  The  shoot  of  ore  lasted  from  80 
to  160  feet,  and  the  length  was  about  the  same  as  the  depth, 
namely,  from  80  to  85  feet.  The  average  width  stoped  was  12 
feet;  in  one  place  20  feet. 

The  ore  was  largely  a  phonolite,  the  seams  and  faces  being 
often  covered  with  a  tin-white  telluride,  such  as  is  rarely  found 
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in  the  hill.  The  rock  in  which  the  telluride  was  found  is  a  pale 
or  white,  fine-grained  phonolite,  easily  fractured,  and  clearly 
distinguished  from  the  barren  part  of  the  vein  or  dike  in  that 
the  unproductive  rock  is  of  a  dull,  heavy  black  color.  The 
pitch  and  course  of  the  ore-shoot  are  difficult  to  determine,  for 
the  reason  that  it  is  worked  out,  or  nearly  so.  The  workings 
indicate  a  north  pitch  at  an  angle  of  from  60°  to  65°.  At  the 
first  level  (80  feet)  the  stopes  are  20  feet  south  of  the  shaft, 
whereas  at  160  feet  the  stopes  are  all  north. 

The  vein  as  seen  below  the  pocket  was  4  feet  wide.  At  the 
400-foot  level  the  vein  was  intersected  by  an  east-and-west  vein 
100  feet  north  of  the  shaft,  having  a  dip  of  82°  to  the  south. 
The  influence  of  the  cross-vein  was  imperceptible ;  the  same 
remark  does  not,  apply  to  an  east-and-west  vein  found  in  the 
ore-shoot  or  pocket. 

Anchoria-Leland. — The  course  of  this  vein  is  N.  20°  E.  in  the 
main,  but  varies  several  degrees  for  short  distances.  The  dip 
frequently  changes,  sometimes  the  east  wall  is  the  foot-wall, 
and  sometimes  the  hanging-wall.  The  ore-shoot  is  over  500 
feet  in  length  at  the  first  or  278-foot  level,  and  pitches  north. 
The  walls  are  not  to  be  seen  opposite  each  other ;  so  the  vein 
cannot  be  said  to  be  "  well  defined."  "Where  there  is  a  wall 
the  parting  is  often  indistinct;  there  is  no  gouge.  Gold  hill, 
more  than  any  other  hill  in  the  camp,  is  characterized  by  the 
absence  of  fluccan  or  gouge.  The  gradation  between  vein- 
matter  and  country-rock  is  often  imperceptible,  and  frequent 
assaying  is  indispensable  to  the  determination  of  values.  The 
absence  of  walls  was  one,  if  not  the  principal,  cause  why  this 
hill  was  so  much  longer  than  the  others  in  being  developed. 
Prospectors  were  prejudiced,  because  where  a  wall  was  found 
there  was  no  clean-cut  parting ;  the  vein  was  "  frozen  "  to  the 
country. 

The  alteration  from  a  barren  andesitic  breccia  to  one  con- 
taining value  in  the  neighborhood  of  the  vein,  obliterating 
every  trace  of  walls,  is  due  solely  to  the  mineral  solutions;  the 
country-rock  in  such  places  affording  no  resistance. 

In  this  vein  or  ore-shoot  there  is  no  evidence  of  sheeting. 
"We  have  simply  a  mass  of  eruptive  rock  varying  from  3  to  17 
feet  in  width,  and  irregularly  impregnated  with  materials  car- 
rying variable  gold-values.       The   pay-streak  at  the   278-foot 
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level  is,  as  ii  rule,  very  hard,  and  consists  of  a  very  dark,  almost 
black,  glassy  quartz,  accompanied  by  small  vugs,  which  are  par- 
tially oxidized.  Near  the  shaft  the  pay-streak  is  on  the  east, 
and  as  the  level  proceeds  north  the  pay-streak  is  on  the  west 
wall.  The  change  did  not  aifect  its  value.  Unlike  those  of  the 
Raven  hill  mines  the  pay-streak  here  cannot  be  traced  where 
it  crosses  the  vein. 

At  the  second  or  344-foot  level  the  south  level  only  is  being 
driven,  and  the  pay-streak  is  apparently  lengthening,  the  dip 
here  being  88°  S.E.  This  is  one  of  the  most  interesting  cases 
in  the  camp.  For  the  first  100  feet  in  depth,  the  vein  dipping 
to  the  N'.W.,  the  mine  was  but  partially  self-supporting;  but  as 
soon  as  the  vein  straightened  itself,  and  subsequently  dipped  to 
the  S.E.,  the  profitable  stopes  became  14  feet  wide.  I  noticed 
no  cross-veins,  no  seams,  nor  any  alteration  in  any  way  in  the 
vein,  but  simply  the  change  of  dip. 

The  east  vein  was  first  discovered  at  a  depth  of  100  feet,  and 
125  feet  north  of  the  Dickerman  or  main  shaft.  It  has  not  yet 
been  found  at  the  surface.  The  course  is  S.  65°  E.  No  work 
has  been  done  on  this  vein  below  the  278-foot  level.  At  this 
place  the  vein  is  4  feet  wide,  with  a  good  north  wall,  vertical. 
The  pay-streak  is  well  defined  and  well  oxidized,  containing  free 
gold.  Sixty  feet  above  the  278-foot  level  and  50  feet  east  have 
been  recently  found  some  of  the  richest  gold  and  telluride 
specimens  ever  encountered  in  the  camp.  The  pitch  of  the 
rich  seam  was  25°  to  the  east,  and  it  has  been  opened  in  length 
for  60  feet.  It  was  from  1  to  2  inches  wide,  located  in  the  mid- 
dle of  the  vein,  about  60  per  cent,  of  the  pay-streak  being 
oxidized.  I  examined  this  part  very  carefully,  but  could  find 
nothing  to  account  for  the  increased  richness,  save  that  the  vein 
changed  its  course  7°  to  the  north.  The  rich  seam,  as  well  as 
the  vein,  was  vertical.     The  south  wall  was  badly  fractured. 

Last  July  demonstrated  that  in  this  mine  the  grade  of  ore  im- 
proved with  depth;  the  average  of  over  5000  tons  previously  pro- 
duced above  the  200-foot  level  was  |43  per  ton,  whereas  the  aver- 
age of  July  was  $125  per  ton,  all  mined  below  the  260-foot  level. 

C.  0.  D. — The  shaft  on  this  claim  has  been  sunk  350  feet. 
The  strike  of  the  vein  is  about  N.  15°  E.,  the  dip  being  80° 
east-by-south.  The  ore-shoot  may  be  said  to  be  one  of  the  best- 
defined  in  the  camp.     It  is  125  feet  long,  with  a  pitch  to  the 
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south  (from  7  feet  to  the  bottom  of  shaft)  of  50°.  The  walls 
of  the  veins  are  well  grooved  and  slickensided.  The  largest 
pump  and  the  greatest  volume  of  water  to  handle  in  the  camp 
are  here.  The  pump  has  been  idle  for  three  months,  and  the 
water  does  not  rise  to  the  300-foot  level. 

Abe  Lincoln  and  Arcadia. — The  course  of  this  vein  is  S.  75° 
W.  The  vein  is  vertical.  The  ore-shoot  has  been  disclosed  for 
150  feet  on  the  two  claims.  The  width  of  the  vein,  as  opened 
for  275  feet,  varies  from  1 J  to  8  feet.  The  vein-matter  is  a  tra- 
chytic  phonolite,  with  granite  on  both  sides.  The  granite  on 
the  south  side,  or  Gold  hill,  is  about  75  feet  wide,  in  which  other 
small  veins  have  been  found  on  the  Arcadia  ground.  The  ore- 
body  is  characterized  by  a  seam  of  talc  which  changed  to  crys- 
tallized quartz  occasionally — rather  unusual  in  this  camp.  The 
ore  is  found  on  both  sides  of  the  seam  in  equal  proportions. 
The  seam  is  very  irregular  in  its  course,  sometimes  on  one  side 
of  the  dike  and  sometimes  on  the  opposite  side,  and  sometimes 
passing  into  the  granite  entirely.  The  ore-shoot,  so  far  as  dis- 
closed, pitches  east. 

The  granite  is  entirely  unaltered  here,  perhaps  more  com- 
pletely so  than  anywhere  in  the  district.  Mica  and  feldspar 
are  the  two  principal  constituents. 

City  View. — The  strike  of  this  vein  is  IS".  20°  E.,  and  the  dip 
from  70°  to  85°  KW.  As  yet  there  is  no  well-defined  ore-shoot, 
although  shipments  are  regularly  made  from  small  seams,  car- 
rying value  of  from  $500  to  $1000  per  ton,  and  driving  further 
north  in  these  seams  will  doubtless  encounter  the  reg-ular  vein. 
What  has  interested  me  most  here  is  a  "  slip"  at  the  185-foot 
level  which  has  cut  the  vein  entirely  out.  This  level  was  ex- 
tended 142  feet  4  inches  on  the  vein  IST.  of  shaft,  the  course  of 
the  vein  and  distance  from  the  breast  to  the  shaft  being  S.  24° 
W.,  26  feet  4  inches;  S.  45°  W.,  65  feet;  S.  29°  W.,  25  feet; 
and  S.  27°  W,,  26  feet. 

At  a  point  116  feet  4  inches  from  the  shaft  a  well-defined 
vertical  wall,  having  a  strike  of  IST.  30°  W.  faulted  the  vein, 
which  has  not  yet  been  found  to  the  IS",  beyond  it.  For  nearly 
45  feet  the  vein  in  the  level  was  profitable,  three  car-loads  of  ore 
were  shipped,  and  good  ore  was  found  against  the  slip.  There 
was  no  evidence  of  movement  on  slip  or  vein.  The  breccia 
near  the  seams  is  much  silicified  for  8  inches. 
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Bull  Hill. 

Orpha  Mcoj. — This  vein  is  40  feet  wide,  and  courses  N.  28° 
"W".  It  includes  two  other  veins,  each  3  feet  wide  (see  Fig.  8) 
known  as  the  "  East  vein  "  and  "  West  vein,"  in  which  six  ore- 
shoots  have  been  found.     Between  these  two  veins  is  a  distance 
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Plan-Diagram  illustrating  Yein-Eelations  at  Orpha  May  Mine. 

of  15  feet,  which  does  not  show  parallel  zones  of  fissuring,  but 
rather  a  mixture  of  cross  and  parallel  Assuring,  seams  of  quartz 
running  in  every  direction,  and  carrying  values,  but  too  narrow 
to  be  worked,  yet  enriching  the  entire  15  feet,  so  as  to  make  it 
assay  about  $8  per  ton.  The  East  vein  and  the  AVest  vein  are 
worked  at  the  4th,  5th,  6th  and  7th  levels.  The  former  dips 
more  to  the  S.AV.  than  the  latter,  which  has  the  same  course  as 
the  vein  in  which  it  is  enclosed,  and  dips  to  80°  S.W. 
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The  six  ore-shoots  opened  have  an  average  length  of  50  feet 
each  on  the  900  lineal  level  feet  of  developed  vein.  Five  of 
them  pitch  south,  the  angle  varying  from  35°  to  80°.  The 
north  ore-shoot  pitches  north,  but  there  are  no  developments 
below  the  second  level  in  that  direction. 

The  pay-streaks  are  generally  on  the  foot,  but  occasionally 
jump  to  the  hanging-wall ;  no  matter  where  the  pay-streaks 
are,  they  carry  equal  value.  A  variation  of  a  few  degrees  in 
the  course  of  the  vein  does  not  enrich  or  impoverish  it ;  whereas 
a  difference  in  the  dip  of  the  vein,  say  from  2°  to  10°  in  the 
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Top  of  an  Ore-Shoot  within  an  Ore-Shoot,  Orpha  May  Mine. 

foot-wall,  irrespective  whether  that  dip  is  to  the  east  or  west, 
does  give  additional  value,  and  the  rich  ore  often  comes  from 
the  pockets  found  in  the  alteration  of  dip.  Sometimes  only  a 
few  pounds,  and  at  other  times  a  few  tons,  are  taken  out  at 
such  a  point.  In  this  respect  the  mine  resembles  the  Anchoria- 
Leland.  These  changes  in  the  dip  of  the  vein  bear  an  analogy 
in  part  to  bends  in  the  bed  of  placer  mines  serving  as  recepta- 
cles for  the  richer  minerals. 

By  reference  to  Fig.  8  it  will  be  seen  that  the  Porcupine,  a 
N.  and  S.  vein,  intersects  both  the  "  East  vein  "  and  the  "  West 
vein."  The  ground  is  very  much  broken  at  the  junction. 
Early  in  1895  I  made  the  sketch  shoMni  in  Fig.  9,  for  the  rea- 
son that  it  was  the  iirst  time  I  had  seen  an  ore-shoot  within  an 
ore-shoot.  The  apex  of  the  second  shoot  reached  4  feet  above 
the  level,  and  was  like  the  figure  /\  in  shape,  being  3  feet  wide 
at  the  bottom  of  the  level.  This  shoot  was  very  rich.  It  was 
encountered  as  shown  in  Fig.  9,  on  the  80-foot  level  of  the  Pike's 
Peak. 

Pike's  Peak. — This  vein  has  a  course  of  N.  12°  W.,  and  stands 
almost  vertical.     The  location  is  at  right  angles  to  the  vein,  and 


THE    ORE-SHOOTS    OF    CRIPPLE    CREEK.  575 

for  its  full  width  of  300  feet  yields  mineral  from  what  may  be 
said  to  he  one  shoot.  The  vein  is  small,  varying  from  2  to  12 
inches  to  the  depth  of  336  feet.  This  mine,  like  the  Orpha 
May,  is  still  in  the  oxidized  zone. 

In  June,  1893,  four  miners  took  a  lease  on  this  claim,  and 
after  sinking  a  disused  12-foot  shaft  some  3  feet  further,  en- 
countered on  the  west  side  a  mud-seam  varying  in  width  from 
I  to  2  inches.  The  material,  which  was  purely  a  surface-mud, 
as  tar  as  could  he  distinguished  hy  physical  characters,  was 
very  rich  in  both  angular  and  rounded  forms  of  gold,  the  pieces 
of  which  were  of  large  size,  even  for  this  camp.  Thirty  pounds 
of  gold  were  "  panned  out "  in  the  course  of  a  few  weeks.  The 
lowest  degree  of  fineness  given  by  the  Denver  mint  was  992.5, 
the  highest  999.2.  The  residue  from  the  pan  assayed  from 
$2000  to  $6000  per  ton.  There  were  no  defined  walls  at  that 
time ;  the  mud  followed  the  crevices  in  the  rock,  and  so  care- 
ful were  the  miners  that  they  scraped  the  mud  from  the  rocks 
with  knives. 

Pharmacist. — This  vein  has  been  worked  in  the  Zenobia  and 
the  Burns,  and  connections  have  been  made  with  these  mines. 
The  course  of  the  vein  varies  from  K  50°  E.  to  K  65°  E.,  and 
it  dips  west  of  north  from  65°  to  75°.  The  shoot  of  ore  or, 
perhaps  more  accurately,  the  two  pockets,  discovered  in  1892, 
which  enabled  the  company  to  pay  $84,000  in  dividends  in  a 
few  months,  were,  to  judge  from  a  cursory  examination  of  the 
stopes,  V-like  in  shape ;  and  near  the  surface,  the  V's  were 
pretty  close  together.  At  the  depth  of  250  feet  the  ore  ceased ; 
the  arms  of  the  V's  came  to  a  point.  (A  new  ore-shoot  has  since 
been  found  at  the  250-foot  level,  north.)  The  pockets  of  ore 
varied  from  2  to  5  feet  wide.  The  shaft  was  sunk  on  the  vein  to 
a  depth  of  590  feet,  when  the  top  of  another  pocket,  or  this  time, 
perhaps,  a  genuine  ore-shoot,  was  found,  which,  up  to  date, 
has  proved  to  be  80  feet  in  length  and  about  60  feet  deep,  and 
is  still  good  at  the  bottom  (650  feet).  The  vein  from  250  to 
590  feet  was  well  defined,  varying  in  size  from  4  to  6  feet,  but 
carrying  little  value.  This  deep  discovery  should  be  regarded 
as  a  very  encouraging  feature  in  the  camp. 

I  have  a  small  specimen  of  ore  reported  to  have  been  taken 
from  a  depth  of  630  feet,  which  shows  complete  oxidation. 
The  quartz  which  replaced  the  country-rock  is  clear  and  glassy. 
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Covering  the  quartz  in  one  place  is  a  deposit  of  kaolin,  in  which 
there  are  three  small  quartz  crystals.  Two  of  these  contain  in 
the  center  perfect  hexagonal  crystals  of  gold,  minus  the  pyra- 
midal termination;  the  third  quartz  crystal,  doubtless  when 
broken  in  the  mine,  or  in  transit,  has  lost  its  gold  crystal.  In 
the  same  specimen  is  another  hollow  shell  of  quartz,  which  was 
being  gradually  replaced  by  gold. 

The  Pharmacist  vein,  on  the  Zenobia  claim,  is  faulted  and 
thrown  by  a  vein  known  as  the  Zenobia,  having  a  N.  and  S. 
course.     The  throw  was  21  feet  at  the  depth  of  14  feet,  12  and 


Fig. 10 


Longitudinal  Section  of  Vindicator  Mine. 

8  feet  at  the  depths  of  78  and  35  feet  respectively.  The  Phar- 
macist vein  after  it  leaves  the  Zenobia  vein  on  its  S.  W.  course 
ceases  to  be  productive,  and  it  was  my  impression  early  in 
1893  that  the  cross-vein  enriched  the  Pharmacist  vein ;  but  in 
view  of  the  peculiar  shape  of  the  pockets  and  the  later  devel- 
opments in  both  mines,  such  a  theory  has  been  discarded.  The 
influence  of  cross-fissures  in  this  camp  has  not  been  very 
marked  either  in  the  increased  or  decreased  value  of  the  min- 
eral, in  the  change  of  dip  or  course  of  the  main  vein,  or  in  the 
faulting  of  the  vein  (save  in  the  above  case) ;  but  the  cross- 
veins,  and  they  are  legion,  cross  the  older  fissures  with  the 
same  ease  apparently  as  pencil-marks  cross  each  other.     The 
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rocks  are  not  metamorphosed  an  iota.     In  the  C.  O.  D.  the  in- 
fluence of  cross-fissures  was  mechanical,  not  chemical. 

Vindicator. — The  course  of  this  vein  is  N.  47°  W.,  the  dip 
R.W.  The  ore-shoot  as  found  in  the  1st  and  2d  levels  is  130 
feet  in  length,  and  the  pay-streak  varies  in  width  from  2  to  7 
feet  (the  richer  portions  being  found  on  the  foot-wall)  and 
pitches  N.W.  In  the  stope  above  the  2d  level  two  kidneys  of 
waste  rock  were  found,  as  shown  in  Fig.  10. 

At  the  3d  level,  196  feet  deep,  a  second  vein,  striking  N. 
and  S.,  was  discovered  by  cross-cutting  to  the  east  22  feet 
from  the  shaft,  and  a  shoot  of  ore  was  found  in  this  vein,  hav- 
ing a  north  pitch ;  the  pay-streak  being  4  feet  wide  and  well 
oxidized. 

Lillie. — This  adjoining  claim  has  an  ore-shoot  which  dips  N. 
on  a  ]^.  and  S.  vein ;  the  length  of  the  ore-shoot  at  the  surface 
being  100  feet,  one  shaft  having  been  sunk  on  the  south  end  of 
it,  and  another  shaft  on  the  north  end,  by  lessees.  The  ore  is 
only  partially  oxidized,  although  within  100  feet  of  the  Vindi- 
cator shaft. 

Victor. — This  vein  has  a  course  of  N.  45°  W.  in  the  main, 
yet  for  short  distances  it  winds  and  deviates  from  a  straight 
line.  The  dip  is  as  irregular  as  the  course,  about  65°  to  the 
southwest.  The  size  is  no  more  amenable  to  rule  than  the 
course  or  dip,  but  varies  from  6  inches  to  8  feet.  At  a  point 
30  feet  north  of  the  old  incline-shaft,  at  the  2d  level,  86  feet 
deep,  the  vein  forked,  forming  what  are  know^n  as  the  "  East 
vein  "  and  the  "  "West  vein."  Near  the  junction,  on  the  2d,  3d, 
and  4th  levels  of  the  East  vein,  were  found  the  big  deposits  of 
ore  (in  one  place  26  feet  wide).  The  "  West  vein  "  is  a  larger 
vein,  from  18  inches  to  8  feet  wide,  but  it  does  not  carry  such 
values  as  the  "  East  vein." 

At  the  surface  there  was  but  one  ore-shoot ;  but  at  the  2d 
level  the  ore-shoot  became  divided  into  two,  the  north  shoot 
dipping  northwest,  and  the  south  shoot  dipping  southeast.  The 
old  incline-shaft  had  ore  on  both  sides,  but  none  in  the  shaft. 
The  ore-shoot  has  been  opened  up  for  1000  feet  in  length  on 
the  4th  and  5th  levels. 

The  large  bodies  of  ore  are  found  at  the  south  end,  where 
the  undeveloped  part  of  the  claim  is.  The  vein,  no  matter 
what  kind  of  rock  encloses  it,  whether  phonolite,  andesite,  or 


578  THE    ORE-SHOOTS    OF    CRIPPLE    CREEK. 

even  tuff,  maintains  its  value,  save  at  the  south  end,  where,  as 
it  reaches  the  surface  in  the  breccia,  it  is  unproductive.  The 
same  remark  applies  to  the  Independence  and  Portland  mines 
in  this  camp,  and  partially  answers  Prof.  Wm,  P.  Blake's  ques- 
tions in  his  paper  on  "  Gold  in  Granite  and  Plutonic  Rocks  " 
presented  at  this  meeting  (see  ante,  p.  293).  The  change  of 
country-rock  has  had  but  little  influence  on  the  veins  here  as 
yet.  But  this  is  a  young  camp,  only  four  years  old,  and  later 
developments  may  prove  the  contrary. 

Baena  Vista. — This  is  a  continuation  of  the  Victor  vein,  and 
exhibits  approximately  the  same  conditions. 

Lucky  Guss. — The  strike  of  the  vein  is  i^s'.'W.,  the  dip  to  the 
east  about  81°,  the  width  of  vein  3|  feet.  The  pay-streak 
varies  from  2  to  12  inches,  and  is  always  found  on  the  foot- 
wall.  The  ore-shoot,  at  present  worked  at  the  fifth  level,  is  ex- 
posed for  18  feet  in  length,  and  is  still  being  developed.  It 
pitches  45°  to  the  north.  The  property  has  just  come  into  the 
,  hands  of  a  new  company,  after  being  worked  by  lessees.  The 
lessees  had  three  shoots,  varying  in  length  from  8  to  30  feet, 
all  having  a  northerly  pitch. 

A  new  vein  was  recently  discovered  at  the  surface  in  this 
claim,  right  in  the  phonolite.  The  walls  are  phonolite,  the  vein 
is  phonolite,  and  the  only  substance  around  not  phonolite  is  the 
mud  which  carries  the  gold,  two  tons  of  which,  eirtracted  in  five 
days'  sinking  of  the  shaft,  sampled  92  ounces  gold  per  ton. 
The  shaft  is  now  40  feet  deep,  and  a  drift  is  about  to  be  ex- 
tended north.     This  appears  to  be  a  parallel  vein. 

Battle  Mountain. 

Portland. — The  Portland  main  ore-shoot  was  caused  by  a 
junction  of  three  veins,  one  having  a  X.W.  course,  the  second 
a  is'.E.  course,  the  third  a  small  cross-vein  known  as  the  Syl- 
vanite  vein.  The  size  of  the  ore-shoot  varies  from  12  to  30 
feet  in  width,  and  it  has  pinched  to  6  feet;  its  length  varies 
from  175  to  225  feet.  Until  a  depth  of  400  feet  was  reached, 
the  shoot  pitched  S.W.  at  an  angle  of  52°  near  the  surface. 
At  400  feet,  in  the  granite,  the  ore-shoot  straightened,  and  at 
600  feet  there  is  a  dip  to  the  north  of  85°,  but  without  any 
perceptible  eflect  on  the  value  of  the  ore-shoot,  or  on  the  coun- 
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try-rock.     There  are  values  in  the  vein  from  Black  Diamond 
to  Anna  Lee,  a  distance  of  about  800  feet. 

Independence. — This  vein  has  about  a  N.  and  S.  course,  some- 
times varying  from  K  3°  E.  to  K  20°  W.,  and  dips  to  the  east 
from  85°  to  90°.  The  pitch  of  the  ore-shoot  is  to  the  N.  35°. 
It  is  about  12  feet  wide  and  350  feet  in  length,  the  remainder 
of  the  vein  being  of  low  grade. 

Beacon  Hill. 

Prince  Albert. — The  upper  portion  of  Beacon  hill  consists  of 
a  large  mass  of  phonolite,  overlapping  the  granite.  The  course 
of  the  Prince  Albert  vein  is  N.E.  and  S.W.,  and  it  dips  from 
80°  to  90°  S.E.,  or  tow^ards  the  gulch.  The  dike  or  vein  is  80 
feet  wide,  and  has  three  ore-shoots,  having  the  same  dip  and 
course  as  the  vein.  These  ore-shoots,  two  of  which  have  a 
length  of  50  feet,  and  one  of  30  feet,  are  3  feet  wide,  and  yield 
ore  of  the  value  of  about  $70  per  ton.  Some  $200,000  has  been 
extracted  above  the  120-foot  level.  The  rich  ore  is  always 
found  on  the  hanging-wall. 

At  the  depth  of  90  feet,  the  vein  or  dike  (the  words  are  used 
advisedly,  it  being  difficult,  according  to  Prof.  Kemp's  defini- 
tion, to  say  to  what  class  some  of  the  ore-deposits  here  as  w^ell 
as  elsewhere  are  to  be  ascribed)  encountered  another  dike  12 
feet  ^^^de,  apparently  intrusive,  ha\ang  a  dip  into  the  hill  of  25° 
l^.W.  The  vein  continued  through  this  dike  only  as  a  small 
rusty  seam,  but  followed  on  the  top  of  the  dike  for  12  feet, 
actually  shown  in  the  workings,  and  presumably  about  30  feet 
further,  when  it  touched  the  granite  and  straightened  itself. 
The  value  of  the  vein  5  feet  wide  on  the  top  of  the  intrusive 
dike  was  from  $5  to  $8,  but  on  the  granite  the  value  increased 
to  $12  and  $15  per  ton. 

At  a  depth  of  130  feet,  the  ore-shoots  are  getting  longer,  and 
it  also  looks  as  if  the  ore-shoots  were  pitching  IST.W.  instead  of 
S.E.  The  ore  in  the  granite  is  difficult  to  distinguish  from  the 
granite  itself,  save  by  the  substitution  often  of  iron  pyrites  for 
the  mica.  Cross  fissures  have  exercised  no  influence  on  the 
vein.  The  line  of  superficial  alteration  is  at  the  surface ;  there 
are  but  small  quantities  of  oxidized  or  "  red  "  ores. 


580  THE    PHOSPHATE-DEPOSITS    OF    ARKANSAS. 


The  Phosphate-Deposits  of  Arkansas. 

BY  JOHN  C.    BRANNER,    STANFORD   UNIVERSITY,   CAL. 
(Colorado  Meeting,  September,  1896.) 

Stratlgraphk  Position  of  the  Deposits. — During  the  progress  of 
the  geological  survey  of  Arkansas,  in  the  northern  part  of  that 
State,  it  was  found  that  the  interval  between  recognizable 
Lower  Silurian  rocks  below  and  recognizable  Lower  Carbo- 
niferous rocks  above  contains  no  representatives,  or  but  poor 
representatives,  of  the  whole  Upper  Silurian  and  Devonian 
series.  In  some  places  one  passes  in  the  space  of  a  foot  from 
Lower  Silurian  rocks  to  the  Lower  Carboniferous — the  Boone 
chert  of  the  Arkansas  survey,  or  the  "  Burlington "  beds ;  at 
other  places  this  interval  is  3  or  4  feet  thick,  but  it  is  generally 
concealed  by  the  ready  decay  of  the  black  shale — ^the  Eureka 
shale — which  fills  it,  so  that  for  a  long  time  it  was  passed  over 
undetected.  It  was  only  after  considerable  work  in  the  region 
lying  north  of  the  Boston  mountains,  and  by  the  valuable  pal?e- 
ontologic  work  of  Dr.  Henry  S.  Williams,  of  Yale  University, 
who  kindly  accompanied  me  on  a  trip  through  this  part  of  the 
State,  that  the  importance  of  this  interval  came  to  be  recog- 
nized, and  the  thin  beds  occupying  it  to  be  critically  studied. 
It  then  appeared  that  this  interval  was  occupied,  for  the  most 
part,  either  by  a  greenish  or  black  shale  or  by  a  sandstone ; 
and  eventually  the  sandstone  was  found  to  have  a  maximum 
thickness  of  40  feet  on  South  Sylamore  creek  in  15  iN".  11  W., 
Section  21.     It  was,  therefore,  called  Sylamore  sandstone. 

The  shale  of  this  interval  is  generally  from  3  to  10  feet 
thick;  it  is  a  constant  feature  of  the  geology  through  Carroll 
county,  and  is  well  exposed  in  the  streets  and  cuts  in  and  about 
Eureka  Springs,  and  was  for  this  reason  named  the  Eureka 
shale.  Its  maximum  thickness  is  50  feet  in  the  northwestern 
part  of  Benton  county. 

The  relations  to  each  other  of  the  Sylamore  sandstone  and 
the  Eureka  shale  I  have  never  determined  satisfactorily;  for 
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generally  when  one  is  present  the  other  is  absent,  while  on 
South  Sylamore  creek,  where  both  seem  to  occur,  the  outcrops 
are  so  concealed  by  the  decay  of  overlying  beds  that  their  rela- 
tions cannot  be  seen. 

Analyses  of  the  phosphatic  nodules  from  the  Sylamore  sand- 
stone are  given  below.  The  stratigraphic  relations  of  the  phos- 
phates to  the  Eureka  shale  were  so  intimate  that  I  had  analyses 
made  of  both  the  black  and  green  varieties.  There  is,  how- 
ever, no  phosphate-bed  at  the  point  where  these  samples  were 
collected. 

A  nalyses  of  Eureka  Shale  from  Dairy  Spring,  Eureka  Springs,  Ark. 

Black  Variety.  Green  Variety, 

per  cent.  per  cent. 

Silica,  SiO,,, 59.33  64.28 

Alumina,  AlA, 15.51  11.87 

Iron  oxide,  FeA, 7.57  9.60 

Pyrites,  FeS,, 3.48  4.32 

Lime,  CaO, 1.05  0.99 

Magnesia,  MgO, 0.79  0.55 

Potash,  K,0, 5.22  3.12 

Soda,  jS^a.p, trace.  trace. 

Loss  on  ignition, 7.19  4.42 

100.14  99.15 

Water  at  110°  to  115°  C,         .        .        .        .        1.31  2.76 

The  Marble  report  of  the  Arkansas  Survey,  Plate  X.,  oppo- 
site page  212,  gives  a  group  of  sections  across  the  northern 
part  of  the  State,  showing  the  varying  thicknesses  of  the  Syla- 
more sandstone  and  the  Eureka  shale. 

Mr.  Hopkins  has  the  following  on  the  Sylamore  sandstone  :* 

"The  Sylamore  sandstone  is  generally  an  insignificant  bed,  being  often  but  a 
few  inches  in  thickness  and  readily  disintegrating,  so  that  it  is  frequently  over- 
looked even  when  present.  It  differs  greatly  in  character  in  different  parts  of  the 
area  ;  in  some  places  it  is  made  up  of  rounded  grains  of  hard  crystalline  quartz, 
interspersed  with  black,  rounded,  irregular  pebbles ;  in  other  places  it  is  a  soft 
earthy  rock  of  a  yellowish  brown  color  ;  in  still  other  places  an  arenaceous  shale. 
The  dark -colored  pebbles  are  a  peculiar  feature  of  this  rock,  yet  they  are  not 
always  present." 

The  Eureka  shale  is  clearly  the  Arkansas  equivalent  of  the 
Tennessee  bed  called  by  Saftbrd  the  "  Black  shale."  In  Ten- 
nessee this  shale  was  considered  as  Devonian,  chiefly  on  account 

*  Ann.   Rep.  Geol.  Sur.  Ark.,  for  1890,  vol.  iv.,  "Marbles  and  Other  Lime- 
stones," by  T.  C.  Hopkins,  Little  Rock,  1893,  pp.  '212-213. 
VOL.  XXVI. — 38 
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of  its  position  between  the  Silurian  and  Lower  Carboniferous ; 
for  no  characteristic  Devonian  fossils  have  thus  far  been  found 
in  these  shales,  either  in  Tennessee  or  in  Arkansas.  In  the 
latter  State,  Lmgula,  Discina  and  crinoid  stems  are  the  principal 
fossils  found,  and  these  have  no  diagnostic  value.  Other  bra- 
chiopods  occur  in  this  shale  near  Batesville,  but  they  have  not 
yet  been  reported  upon  by  an  expert  palaeontologist. 

The  intergradation  at  some  points  of  the  shale  with  the  over- 
lying limestone,  and  the  occasional  presence  in  the  upper  part 
of  the  shales  of  the  crinoid  stems  that  form  the  mass  of  the 
limestone,  have  led  me  to  think  the  shale  might  belong  with 
the  overlying  Lower  Carboniferous  beds.  So  far  as  the  objects 
of  the  present  paper  are  concerned,  however,  the  precise  age 
of  these  beds  is  a  matter  of  no  great  importance,  except  in  so 
far  as  it  enables  one  to  locate  them.  The  position  of  these 
strata  is  constant  when  they  are  present  at  all,  and  they  are 
readily  found  by  any  one  acquainted  with  the  rocks  and  strat- 
igraphy of  northern  Arkansas. 

The  Sylamore  sandstone  and  the  Eureka  shale  are  mentioned 
here  simply  to  point  the  way  to  the  phosphate-beds  of  the  State ; 
for  it  is  in,  or  associated  with,  these  rocks  that  the  phosphates 
occur. 

This  will  be  plainer  after  the  known  deposits  are  described. 
It  will  be  seen  also  that  these  phosphates  occupy  the  same 
stratigraphic  position  as  do  the  Tennessee  beds.  Through  the 
kindness  of  Mr.  Hayes  I  have  been  enabled  to  examine  speci- 
mens of  phosphate-rocks  from  Tennessee,  and  Mr.  Hayes's  de- 
scription of  those  deposits*  shows  that  there  are  deposits  in 
that  State  at  horizons  other  than  the  Devonian  interval. 

In  the  State  of  Arkansas  I  have  never  seen  Palaeozoic  phos- 
phate-deposits known  to  be  elsewhere  than  in  this  interval.  The 
precise  geologic  position  of  the  beds  north  of  Hot  Springs  is 
not  known.     They  are  Lower  Silurian,  however. 

I  learn  from  Dr.  SaiFord,  of  Xashville,  of  a  late  discovery  of 
an  important  bed  of  phosphate  rock  in  what  he  calls  the  Capi- 
tol limestone,  which  is  the  equivalent  of  the  St.  Clair  marble  of 
Arkansas.!     Several  analyses  have  been  made  of  the  St.  Clair 

*  "The  Tennessee  Phosphates,"  by  C.  W.  Hayes,  Wb  Ann.  Rep.  U.  S.  Geol. 
Sur.,  Part  IV.,  i)p.  610-630. 

t  These  Tennessee  beds  are  described  in  the  Anierican  Geologist  for  Oct.,  1896, 
pp.  261-264. 
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marble,  showing  that  rock  to  contain  considerable  phosphoric 
acid,  but  never  enough  to  suggest  its  having  any  economic 
value. 

The  general  geologic  section  north  of  the  Boston  mountains 
is  as  follows  : 

Coal  Measures  of  Pennsylvania  in  the  top  of  Boston  Mountains 
and  their  Outliers. 


f  Boston    group    (shales,     limes 

j       sandstones,  cherts), 
Lower  Carboniferous   \   t,  ^      -n  i  , 

^^.    .    .      .  -{   liatesvule  sandstone, 

Fayetteville  shale,     . 

t  Boone  chert  and  limestone 

Sylamore  sandstone,  . 

Eureka  shale,    . 

St.  Clair  marble,* 

Izard  limestone, 

Saccharoidal  sandstone, 

Magnesian  limestones, 

Sandstones,  cherts,  etc., 


or  Mississippian. 

Devonian  (?) 
(Phosphate  horizon. 

Lower  Silurian. 


f 


Maximum 

thickness. 

Feet. 


780 
200 
300 
370 

40 

60 
155 
285 

1750  + 


By  means  of  this  section  any  one  at  all  acquainted  with  the 
geology  of  the  region  can  readily  find  the  interval  at  which  the 
phosphate-beds  are  to  be  looked  for. 

The  accompanying  map  will  also  aid  any  one  to  locate  these 
deposits  approximately,  and  a  little  search  on  the  ground  will 
soon  discover  them. 

The  phosphate-deposits  occur  in  a  hilly  region.  The  hori- 
zontal rocks  have  been  trenched  by  gorges  from  50  to  500  feet 
deep,  along  whose  sides  the  various  rocks  outcrop.  These  hills, 
valleys  and  slopes  are  heavily  timbered,  except  in  certain  parts 
known  as  the  "  flint  hills,"  where  the  soil  is  thin  and  rocky, 
and  the  timber  rather  stunted  in  growth. 

Appearance. — The  phosphate  pebbles  vary  greatly  in  size, 
color,  and,  form.  Sometimes  they  are  no  larger  than  a  pin- 
head,  and  from  this  they  vary  up  to  the  size  of  a  hen's  egg, 
and  are  even  larger.  They  are  sometimes  gray,  often  of  a  light 
yellowish-brown  or  buff  color  (and  where  the  rock  is  made  up 
almost  entirely  of  the  nodules  they  are  generally  of  this  buff 
color),  and  they  are  also  often  quite  black.  The  large  black 
ones  have  often  been  found  to  contain  fossils,  especially  Lingula. 

*  Dr.  Henry  S.  Williams  says  the  upper  part  of  the  St.  Clair  is  Upper  Silurian. 
Am.  Jour.  Sci.,  3d  sen,  1894,  xlviii.,  326. 
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These  black  nodules  are  hard  and  rock-like,  and  break  like  a 
compact  limestone.  The  lighter-colored  ones  are  more  earthy, 
possibly  on  account  of  weathering.  In  form  they  are  very  ir- 
regular, are  frequently  pitted  or  indented  over  the  outer  surface, 
and  look  like  so  many  small  Irish  potatoes ;  often  they  are  flat- 
tened or  oblong.  Mr.  Hopkins  makes  the  general  remark  on 
these  nodules  that  they  are  less  abundant  in  the  thicker  beds  of 
Sylamore  sandstones,  and  more  abundant  in  the  thin  ones. 
This,  however,  is  not  always  the  case ;  some  of  the  thin  beds 
are  quite  as  poor  in  phosphates  as  the  thick  ones,  while  some 
of  the  richest  beds  are  fifteen  feet  in  thickness.  The  sand- 
grains  found  in  the  sandstone  in  which  these  nodules  occur  are 
sometimes  so  smooth  and  rounded  that  they  look  like  so  many 
little  pearls. 

Origin  of  the  Deposits. — The  origin  of  the  phosphate-beds  of 
Arkansas  cannot  be  comprehensively  discussed  here,  and  it  is 
not  likely  that  such  discussion,  even  if  it  were  possible,  would 
add  much  to  our  knowledge  of  the  distribution  of  the  beds. 

In  any  search  for  such  deposits  in  this  region,  the  following 
leading  features  are  of  importance : 

1.  That  they  occupy  the  geological  horizon  of  the  Devonian 
rocks. 

2.  That  they  are,  in  the  main,  conformable  with  the  rocks 
both  above  and  below  them. 

3.  That  they  vary  much  in  thickness  and  character. 

The  fact  that  Upper  Silurian  and  Devonian  time  is  here  rep- 
resented by  a  very  thin  deposit  compels  us  to  believe,  either 
that  the  region  was  not  under  water  in  Devonian  time,  or  else 
that,  being  under  water,  it  was  so  far  from  the  shore  and  the 
Avater  was  so  deep,  that  almost  no  sediments  were  laid  down 
over  this  part  of  the  sea-bottom  during  this  long  period.  I  am 
not  disposed  to  believe  that  these  deposits  were  made  as  sur- 
face-accumulations;  the  regular  and  undisturbed  condition  of 
the  upper  surface  of  the  underlying  beds  across  a  region  a  hun- 
dred miles  wide  in  northern  Arkansas,  is  as  nearly  perfect 
as  we  are  accustomed  to  find  it  in  any  sedimentary  deposit.  A 
land-surface  so  smooth  and  regular  is  out  of  the  question.  We 
are,  therefore,  reduced  to  the  necessity  of  believing  that  this 
interval,  with  its  phosphate-deposits,  represents  the  slow  accu- 
mulation of  organic  mattgr  over  a  comparatively  deep  sea  (not 
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abysmal,  however)  clnring  the  Upper  Silurian  and  Devonian 
periods.* 

Local  Details. — The  most  easterly  exposures  of  the  phosphate- 
beds  now  known  are  in  the  vicinity  of  Hickory  Valley,  in  In- 
dependence county.  A  systematic  search  for  the  line  of  con- 
tact between  the  St.  Clair  marble  and  the  Boone  chert  beds, 
may  lead  to  the  discovery  of  these  beds  somewhat  further  east. 
They  will  not  be  found  east  of  Black  river,  however,  for  the 
Pala?ozoic  beds  are  cut  off  just  west  of  that  stream,  and  are 
overlapped  by  the  Tertiary  and  later  beds  that  cover  all  eastern 
Arkansas. 

The  deposits  near  Hickory  Valley  are  at  Mr.  Milligan's  place, 
twelve  miles  northeast  of  Batesville,  in  14  N.,  5  W.,  Sec.  6. 
The  rock  looks  like  a  conglomerate  of  pudding-stone,  and  is  ex- 
posed at  the  mouth  of  a  cave  in  a  hillside,  where  it  forms  a 
bed  15  feet  or  more  in  thickness.  The  bed  rests  upon  the 
St.  Clair  marble,  but  the  top  of  it  is  concealed  by  the  chert 
debris. 

This  rock  weighs  about  150  pounds  to  the  cubic  foot  as  it 
lies  in  the  ground ;  and,  if  it  is  of  even  grade,  it  should  yield 
a  ton  of  rock  to  the  square  foot  of  the  surface  over  which  it 
has  a  thickness  of  15  feet. 

Analyses  of  Phosphate-Bock  from  the  Milligan  Place,  near  Hickory 
Valley,  Independence  County. 

[Samples  from  inside  of  the  cave.  ] 

Per  cent.  Per  cent. 

Phosphoric  acid,  PA, 26.13  26.77 

Equivalent  to  bone  phosphate,  Ca3P208,    . 

Iron  and  alumina, 

[Second  set  of  samples  from  inside 
Phosphoric  acid,  P2O5,        .... 
Equivalent  to  bone  phosphate,  CaaP^Og,     . 

Iron  and  alumina, 

[Samples  from  boulders  outside 
Phosphoric  acid,  Pfi^,        .... 
Equivalent  to  bone  phosphate,  CajPjOy,     . 
Iron  and  alumina,       ..... 

[Samples  from  fragments  outside  of  cave.] 
Phosphoric  acid,  PA,        .... 
Equivalent  to  bone  phosphate,  CagPjOg,    . 
Iron  and  alumina, 


51.53  52.08 

5.89  5.86 

of  the  cave.] 

29.40  29.98 

64.82  65.37 

3.08  3.87 

of  cave.] 

31.06  31.11 

67.21  67.74 

8.01  7.05 


33.54  33.86 

72.89  73.28 

5.19  6.09 


*  For  discussion  of  the  conditions  of  accumulation,   see  C.  W.  Hayes,  in  16ih 
Ann.  Rep.   U.  S.  Geol.  Sur.,  Part  IV.,  pp.  020-623. 
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Mr.  T,  C.  Hopkins,  in  his  work  upon  the  marble  in  the  re- 
gion about  Batesville,  Independence  county,  makes  mention 
of  a  bed  2  inches  thick,  "  of  impure  siliceous  material,  con- 
taining black  pebbles  and  numerous  white  calcite  fossil 
brachiopods,"  in  the  bluff  100  yards  below  the  fourth  ford  on 
the  Polk  Bayou  road  from  Batesville.  This  bed  was  looked 
for  by  me,  but  never  found,  probably  on  account  of  its  thin- 
ness, and  also  because,  both  up  stream  and  down  stream,  the 
parting  is  concealed  by  debris.  The  sample  sent  in  is  of  a  greenish 
color  and  the  phosphate  nodules  are  black. 

About  Cushnian  the  phosphate-rock  is  usually  of  a  light- 
brown  color,  but  is  darker  on  a  weathered  surface  than  in  a 
freshly-broken  one.  This  phosphate-rock  is  common  in  the 
manganese  mines,  and  there  is  no  doubt  that  the  low  grade  of 
some  of  the  Batesville  manganese-ores  is  due  to  the  presence 
of  these  phosphate-beds  in  the  manganese-region.  In  the  Ar- 
kansas Survey's  report  on  manganese,  Dr.  Penrose  says  :* 

"At  the  soutliem  mine,  near  Cushman,  there  are  frequently  found,  at  the  base 
of  the  chert  and  just  above  the  residual  clay  which  has  resulted  from  the  destruc- 
tion of  the  St.  Clair  limestone,  a  red,  brown,  or  mottled  seam  of  a  dry,  earthy  con- 
sistency. It  is  known  by  the  miners  as  "ocher,"  and  may  possibly  represent  the 
former  contact  of  the  chert  and  vSt.  Clair  limestone.  Elsewhere  in  the  neighbor- 
hood of  Cushman,  and  thence  westward  to  Lafferty  creek,  there  are  frequently 
found  loo.se  fragments  of  a  soft,  buff-colored  or  rusty-brown  material  of  an  earthy 
or  fine  sandy  structure,  frequently  containing  thin  ferruginous  seams  or  flat  con- 
cretions." 

This  is  the  phosphate-bed,  though  its  true  nature  was  not 
suspected  at  the  time  the  manganese  report  was  written.  In- 
deed, this  bed  at  other  points  had  suggested  to  the  writer  that 
the  material  was  volcanic  tuff;  and  Dr.  J.  E.  Wolff,  of  Har- 
vard, after  a  microscopic  examination  of  it,  had  rather  en- 
couraged this  view.f 

About  three-quarters  of  a  mile  south  of  Cushman,  on  the 
wagon-road  to  Batesville,  phosphate-rock  with  some  manganese 
is  exposed  in  the  road.  It  is  here  between  10  and  20  feet 
thick,  judging  from  the  fragments  to  be  seen.  The  phosphate- 
rock  is  probably  exposed  at  this  elevation  on  account  of  a  low 
anticlinal  fold. 

*  Ann.  Rep.  Oeol.  Sur.,  Arkansas,  1890,  vol.  i.,  "Manganese,"  by  R.  A.  F.  Pen- 
rose, Jr.,  p.  126. 

t   "Manganese,"  by  R.  A.  F.  Penrose,  Jr.,  p.  127. 


THE    PHOSPHATE-DEPOSITS    OF    ARKANSAS.  587 

In  14  N.,  7  W.,  Sec.  8,  northwest  quarter,  fragments  of 
the  phosphate-rocks  cover  the  hillside  nearly  opposite  Farrell's 
cave.  The  details  of  the  geologic  action  are  concealed ;  but, 
judging  from  the  fragments  in  sight,  the  phosphate-rock  is  20 
feet  or  more  in  thickness,  and  rests  upon  the  St.  Clair  marble 
bed.  These  fragments  are  angular,  and  are  scattered  along  a 
contour  for  about  250  feet;  none  of  them  were  seen  in  place. 

About  half  a  mile  west  of  Cushman,  on  what  is  known  as 
the  Meeker  place  (14  N.,  7  W.,  Sec.  8),  the  phosphate-bed  is 
exposed  in  an  old  manganese-pit  on  the  north  slope  of  the  hill, 
and  from  this  point  may  be  traced  westward,  along  the  north 
face  of  the  hills,  for  2|  or  3  miles.  It  always  overlies  the 
marble,  and,  as  the  rocks  are  horizontal,  the  position  of  the 
bed  is  easily  determined,  even  when  it  is  concealed,  as  it  is  for 
the  most  part.  Along  the  contour  followed  by  the  phosphate- 
beds,  a  good  many  pits  have  been  dug  in  search  of  manganese, 
and  in  these  pits  the  phosphate-beds  are  almost  always  uncov- 
ered. These  exposures  are  interesting  also  as  showing  the  re- 
lation of  the  manganese-beds  to  the  other  rocks — a  subject 
that  has  led  to  some  discussion.* 

The  section  in  one  of  the  pits  on  the  Meeker  place  is  as  fol- 
lows, beginning  above  : 

Soil  at  the  top.  Feet. 

Black  phosphate  rock, 2. 5 

Inches. 

Manganese-ore, •        •        •        .    1  to  3 

Feet. 

Marble, 3 

This  exposure  is  about  50  feet  in  length. 
Another  one  of  these  pits  has 

Soil  at  the  top.  Feet. 

Chert, 3 

Phosphate-rock, 3.5 

Iron  and  manganese,         .         .         ......       2 

Concealed,        .         .........       2 

Marble,    .......•••         .3 

A  third  pit  has 

Soil  at  the  top.  Inches. 

Phosphate-rock  exposed, 18 

Iron  and  manganese,  .         ......••       8 

Marble, ? 


*  Am.  Jour.  ScL,  3d  Ser.,  xlviii.,  325-331. 
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A  fourtli  pit  has 

Chert  fragments  and  soil 

at  the  top.  Feet. 

Phosphate-rock,         .         .         .         .         .         .        .         .        .3.5 

Manganese,  iron  and  phosphate-rock, 3 

Underlying  rock  not  seen. 

Analysis  was  made  of  an  average  sample  from  these  pits,  the 
mass  of  the  rock  being  used  and  not  the  nodules  alone.  The 
following  was  the  result : 

Per  cent. 

Phosphoric  acid,  P2O5, 22.62 

Equivalent  to  bone  phosphate,  Ca3P20g,         .         .         •         .49.38 
Iron  and  alumina 8.82 

Dr.  Penrose  reports*  for  15  N.,  8  W.,  Sec.  29,  northwest 
quarter : 

"  A  rock  which,  though  it  was  only  seen  in  loose  boulders,  probably  belongs  at 
the  contact  of  the  chert  and  the  St.  Clair  limestone.  It  is  a  dark  brown  or  black, 
earthy,  siliceous,  soft  rock,  probably  about  1  foot  in  thickness  and  emitting  a 
strong  odor  on  a  fresh  fracture." 

This  is  the  phosphate-rock  again. 

Rock  of  the  same  general  character  as  the  Oushman  phos- 
phate-beds is  said  to  occur  at  several  other  places  west  of  Cush- 
man,  notably  at  the  following:  14  N.,  8  W.,  Sec.  12, middle 
of  the  section,  along  the  north  slope  of  the  valley;  Sec.  11, 
south  half,  about  the  head  of  the  hollow  draining  into  West 
Lafferty  creek  (Mr.  Hopkins  reports  small  black  pebbles  in 
this  rock);  and  section  10,  on  the  west  side  of  the  valley  slope 
toward  West  Lafferty  creek,  and  at  the  southwest  corner  on  the 
side  of  the  hill  facing  White  river;  Section  9,  at  Penter's  Bluff 
in  the  northeast  corner  of  the  section  on  the  side  of  the  hill 
sloping  toward  White  river.  The  boulders  of  the  phosphate- 
rock  (Sylamore  sandstone),  found  in  the  ravines  and  along  the 
creek-beds  in  this  section  of  the  country,  lead  to  the  conclusion 
that  the  bed  is  often  3  or  4  feet  in  thickness.  The  rock,  how- 
ever, is  harder  than  that  in  the  Lafferty  creek  valley,  where  it  is 
soft  and  yellow. 

Mr.  Hopkins  noted  the  following  sections  300  yards  northeast 
from  John  Greenway's  house,  in  14  N.,  9  W.,  Sec.  3 : 


*  Manganese  report,  p.  126. 
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Feet. 

St.  Joe  marble, 8 

Light-green  siliceous  rock, 2 

Concealed,  ..........      3 

St.  Clair  marble, .10 

I  take  the  green  rock  of  this  section  to  be  the  phosphate-hcd, 
which,  at  this  phice,  on  account  of  the  underlying  rock  being 
concealed,  may  have  a  greater  thickness  than  is  reported  above. 

Another  exposure  in  the  same  section,  on  the  east  side  of 
Cagin  creek,  opposite  Jeff.  Greenway's  house,  about  half  a  mile 
up  the  creek  from  John  Greenway's,  is  as  follows  (Hopkins) : 

Feet. 

Chert, 20 

Limestone,  ..........       1 

Green  shale,       ...         •         .  .....       ^ 

St.  Joe  marble,  the  bottom  layers  containing  patches  of  black 

shale,  sand  and  black  pebbles, 8 

Green  and  black  shale  (bottom  concealed),  .         .         .15 

The  black  pebbles  below  the  St.  Joe  marble  here  are  the 
phosphate-layer.  At  the  upper  end  of  this  bluff,  this  layer  is, 
in  places,  8  inches  thick. 

In  15  IsT.,  9  W.,  Sec.  32,  on  the  north  side  of  Dry  creek,  Mr. 
Hopkins  found  "  calcareous  and  siliceous  nodules  in  a  siliceous 
limestone  overlying  the  St.  Clair  marble ;  "  and  again,  in  15 
N".,  10  W.,  Sec.  22,  west  side  of  Little  Rocky  bayou,  he  found 
at  the  same  horizon  a  bed  of  sandstone  "  containing  numerous 
black  ferruginous  nodules,"  no  doubt  the  phosphate-nodules. 
He  does  not  mention  its  thickness. 

The  next  region  in  which  the  phosphate-bed  has  been  ob- 
served is  along  Sylamore  creek  and  its  affluents. 

On  Roasting  Ear  creek  Mr.  Hopkins  found  at  Norman's,  in 
15  N.,  13  W.,  Sec.  1,  what,  I  have  no  doubt,  is  the  phosphate- 
bed.  His  notes  state  that  it  is  between  the  "  St.  Joe  marble 
above  and  the  St.  Clair  marble,"  and  that  it  contains  black 
nodules.     He  does  not  mention  the  thickness. 

On  the  west  side  of  Sylamore  creek,  opposite  the  mouth  of 
South  Sylamore,  the  limestone  below  is  exposed  to  within  3 
feet  of  the  Boone  chert,  and  the  space  between  is  concealed  by 
debris.  In  the  stream-bed  below,  however,  are  fragments  of 
Sylamore  sandstone  containing  phosphate-nodules.  These  frag- 
ments must  have  come  from  the  horizon  here  concealed. 


590  THE    PHOSPHATE-DEPOSITS    OF    ARKANSAS. 

At  the  little  school-house  near  the  mouth  of  Lick  fork,  the 
contact  between  the  Silurian  and  the  Lower  Carboniferous 
rocks  is  exposed  in  the  rear  of  the  building  on  the  side  of  the 
hill  near  the  creek.  The  bed  between  them  is  about  18  inches 
thick,  the  upper  part  of  which  is  sandy  and  contains  black 
phosphatic  nodules  and  the  lower  half  decays  to  a  soft  earth, 
resembling  the  Cushman  phosphate-beds. 

On  the  south  side  of  Sylamore  creek,  about  half  a  mile  below 
the  mouth  of  Lick  fork,  there  is  a  similar  concretionary  bed  1 
foot  or  more  in  thickness,  between  the  St.  Clair  and  the  St.  Joe 
marbles  (Hopkins).  The  sample  collected  shows  this  to  be  the 
dirty  brown  phosphate-rock. 

On  the  west  side  of  Sylamore  creek  and  south  of  Dry  creek, 
the  Sylamore  sandstone  seems  to  have  a  thickness  of  about  15 
feet,  6  feet  of  which  is  well  exposed  at  one  place  high  on  the 
side  of  the  hill.  The  rock  at  this  place  is  chiefly  a  rather 
coarse-grained,  hard  sandstone,  almost  a  quartzite.  There  are 
some  layers  2  or  .3  inches  thick  that  are  rich  in  phosphate- 
nodules,  but  most  of  the  bed  is  poor. 

In  15  N".,  11  W.,  Sec.  21,  in  the  hill  southeast  of  Prater's, 
the  base  of  the  Sylamore  sandstone  is  about  100  feet  above  the 
stream  and  it  seems  to  have  a  thickness  of  30  or  40  feet.  It  is 
hard  and  compact  where  examined,  however,  and  the  phosphate- 
nodules  are  not  abundant. 

In  16  K,  13  W.,  Sec.  24,  the  Sylamore  sandstone  is  exposed 
near  the  top  of  the  hill  south  of  Capp's  fork.  Mr.  Hopkins 
says  fossils  are  found  in  the  sandstone  at  this  place.  Above  it 
is  the  Boone  chert,  and  below  it  the  Izard  limestone. 

On  Long  creek,  Searcy  county,  the  interval  between  the 
Silurian  and  Lower  Carboniferous  rocks  is  occupied  by  a 
coarse-grained  sandstone,  containing  phosphate-nodules.  The 
bed  seen  at  this  place  has  a  thickness  of  only  2  feet;  it  may 
have  a  greater  thickness  in  this  region. 

In  the  region  known  as  "  The  Narrows,"  in  17  K,  15  W., 
Sec.  13  (or  24),  on  the  west  side  of  the  road  leading  from  Rush 
P.  0.  to  Big  creek,  there  is  a  nodular  sandstone,  lying  between 
the  St.  Joe  marble  above  and  the  Izard  limestone  below.  This 
bed  is  only  2  or  3  inches  thick  at  this  place.  About  200  yards 
south  of  this  last  section,  about  2  feet  of  the  bottom  layers  of 
the  red  St.  Joe  marble  contain  black  pebbles  (Hopkins),  which 
are  in  all  probability  phosphate-nodules. 
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On  Drv  creek  in  16  K,  16  W.,  Sec.  30,  on  the  west  side  of 
the  creek,  is  the  folknving  section  (Hopkins) : 

Greenish-yellow  shale  with  black  pebbles  at  base. 

Lead-colored  shale  with  black  pebbles. 

Arenaceous,  pyritiferous  shale. 

St.  Clair  marble. 

At  another  outcrop  near  this  section  the  sandstone  rests  di- 
rectly on  the  St.  Clair  marble. 

^Mr.  Hopkins  reports  also  an  exposure  of  Sylamore  sandstone 
20  feet  thick  in  16  K,  16  W.,  Sec.  18,  on  the  south  side  of 
Tomahawk  creek,  west  of  the  Marshall- Yelville  road ;  he  makes 
no  mention  of  its  containing  pebbles. 

Kear  the  middle  of  this  same  Sec.  18,  in  the  field  above 
Baker's  gin,  fragments  of  phosphate-rock  are  scattered  through 
the  soil  overlying  the  St.  Clair  marble.  This  material  is  said 
to  have  been  dug  through,  and  to  have  a  thickness  of  4  or  5 
feet. 

An  analysis  of  a  specimen  of  this  phosphate-rock  shows  it  to 
have  the  follo^\'ing  composition  : 

Per  cent. 

Phosphoric  acid,  V.fi^, 35.11 

Equivalent  to  bone  phosphate,  CagPjOg,         ....     76.62 
Oxides  of  iron  and  alumina,  ,         .         .        .         .        .         .7.21 

On  Rush  creek  (17  N".,  15  W.)  there  is  a  fault  along  which 
the  stream  flows.  North  of  this  fault  the  contact  between  the 
Carboniferous  and  Silurian  rocks  is  in  the  hilltop ;  and  if  there 
is  any  phosphate-bed  in  this  contact-zone,  it  is  so  thin  that  it 
was  overlooked  in  the  several  sections  I  made  across  it.  On 
the  south  side  of  the  valley — the  down-throw  side  of  the  fault — 
a  bed  of  sandstone,  probably  the  Sylamore  sandstone,  is  en- 
closed between  two  marble  beds. 

At  St.  Joe,  the  contact  between  the  Carboniferous  and  Silu- 
rian rocks  is  exposed  about  three-quarters  of  a  mile  above  the 
village,  in  the  bluft'  where  South  Mill  creek  enters  Monkey 
run. 

The  section  at  this  place  is  : 

Feet. 
Chert  and  cherty  limestone  (Boone  chert),  .         .         .         .35 

Light-colored  marble,         ........     10 

Pink  marble  (St.  Joe  bed), 40 

Inches. 
Sandy  conglomerate, 4 
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Feet. 
Olive  green  shale  with  phosphate-nodules,  ....       2 

Sandy  conglomerate  with  nodides,      .....  3 

Concealed,  ...........       4 

St.  Clair  pinkish  marble,    ........       5 

This  last  bed  is  25  feet  in  all,  and  below  it  is  tlie  blue  Izard 
limestone.  Analysis  of  the  black  nodules  from  this  section 
showed  them  to  contain  : 

Per  cent. 

Phosphoric  acid,  P2O5, 31.75 

Equivalent  to  bone-phosphate,  Ca3P208,         ....     69.31 
Oxides  of  iron  and  alumina,  ......       8.10 

Just  north  of  this  exposure,  the  St.  Joe  fault  carries  this  line 
of  contact  to  near  the  hilltop,  over  200  feet  higher.  In  this 
hilltop  the  contact-beds  were  not  observed. 

On  the  southwest  side  of  Monkey  run,  where  the  St.  Joe  and 
Harrison  road  turns  to  the  right  and  ascends  the  hill,  the  part- 
ing is  indicated  by  a  bluish  olive-green  bed,  about  3  feet  thick, 
containing  phosphate-nodules.  Analysis  of  the  brown  ;[:»hos- 
phate-nodules  from  this  bed  shows  : 

Per  cent. 
Phosphoric  acid,  P2O5,  .        .         .....         .     25.92 

Equivalent  to  bone-phosphate,  CajP^Og,         ....     56.58 

Oxides  of  iron  and  alumina,  .         .         .         .         .         .9.01 

This  bed  is  mentioned  by  Owen  in  his  first  report;  but  he 
did  not  suspect  its  true  nature,  for  he  speaks  of  it  as  a  "  vein  of 
ore  containing  iron  and  manganese."* 

The  Sylamore  sandstone  on  Cave  creek  is  exposed  at  the 
mouth  of"  Saltpeter  Cave,"  in  15  K,  19  W.,  Sec.  27.  I  have 
not  myself  visited  this  locality;  and  the  following  description 
is  taken  from  notes  made  by  Mr.  Hopkins  while  working  up 
the  marble  beds. 

The  space  between  the  St.  Joe  above  and  the  St.  Clair  mar- 
ble below  is  occupied  by  a  bed  of  shale,  12  to  14  inches  thick. 
At  the  bottom  this  shale  is  siliceous,  black  and  lumpy;  and 
similar  nodules  are  scattered  through  the  St.  Joe  marble  for  a 
foot  or  more  from  the  bottom. 

On  the  north  side  of  Little  Buffalo,  in  16  N.,  21  W.,  Sec. 
26,  200  yards  above  the  third  ford  below  Jasper,  is  an  exposure 

*  First  Report  of  a  Geological  Reconnoiiisance  of  the  Northern  Counties  of  Arkansas, 
by  D.  D.  Owen,  Little  Rock,  1858,  p.  79. 
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of  shale  tliat  contains  pebbles  resembling  Sylamore  sandstone 
(Hopkins). 

In  16  K,  21  W.,  Sec.  9,  on  the  north  side  of  Big  Buffiilo 
and  200  yards  above  the  mouth  of  Sneed's  creek,  the  Sylamore 
sandstone  is  from  2  to  6  inches  thick  and  contains  black  peb- 
bles (Hopkins). 

At  Elixir  Springs,  Boone  county,  20  K,  19  W.,  Sec.  36, 
the  Sylamore  sandstone  is  2  inches  thick.  It  lies  between 
the  St.  Joe  marble  above  and  a  light  gray  limestone  below 
(Hopkins). 

In  16  IST.,  26  W.,  a  quarter  of  a  mile  south  of  the  southeast 
corner  of  Section  1,  Prof.  J.  F.  Xewsom  found  a  bed  of  limestone 
conglomerates,  the  materials  of  which  strongly  resemble  phos- 
phate nodules.  It  was  analyzed  and  found  to  contain  only 
about  8  per  cent,  of  calcium  phosphate. 

My  notes  upon  the  zinc-deposits  contain  many  references  to 
the  phosphate-beds  at  the  contact  between  the  Boone  chert  or 
St.  Joe  marble  and  the  Lower  Silurian  rocks.  This  bed  is  ex- 
posed in  many  of  the  shafts,  drifts  and  prospect-pits  through 
Marion  and  Boone  counties  ;  for  the  zinc  is  frequently  found  just 
below  the  St.  Joe  marble. 

The  Ouachita  Phosjphate- Region. — The  study  of  the  Silurian 
rocks  of  the  State  never  having  been  completed  by  the  Geo- 
logical Survey,  it  has  not  been  possible  to  correlate  the  stages 
north  of  the  Boston  mountains  with  those  of  the  Silurian  area 
of  the  Ouachita  uplift  or  great  anticline  belt  that  crosses  the 
State  from  south  of  Little  Bock  to  Dallas,  Polk  county. 

In  this  region  the  Lower  Coal  Measures  or  Pennsylvanian 
rocks  rest  upon  Silurian  rocks,  the  Lower  Carboniferous  or 
Mississippian  beds,  so  characteristic  of  the  northern  part  of  the 
State,  being  altogether  wanting  as  far  as  known.  Conglomer- 
ate beds  are  known,  however,  in  the  Ouachita  uplift,  which 
bear  so  striking  a  resemblance  to  the  Sylamore  sandstone  that 
they  can  scarcely  be  distinguished  in  hand-specimens.  The  only 
apparent  ditfcrence  is  that  the  Ouachita-uplift  specimens  appear 
to  be  a  little  more  crystalline  or  metamorphosed.  On  account 
of  the  crushinii;  of  the  rocks  throuf?hout  this  southern  area  this 
was  to  have  been  expected. 

Mr.  Griswold,  who  reported  on  the  novaculites  of  this  region, 
sent  in  a  specimen  of  this  phosphatic  sandy  conglomerate  from 
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1  S.,  19  W.,  Sec.  6,  southeast  quarter,  on  the  Hot  Springs 
and  Fort  Smith  road.  These  rocks  have  a  northward  dip  of 
75°  and  a  thickness  of  about  200  feet.  A  similar  conglomerate 
is  reported  from  1  K,  20  W.,  Sec.  35,  northwest  quarter.* 

As  the  rocks  throughout  the  region  of  the  Ouachita  uplift 
are  much  folded,  the  distribution  of  a  phosphate-bed  will  not 
be  so  easily  traced  as  in  the  region  of  horizontal  beds  in  the 
Boston  mountains  region. 

In  the  region  of  Lower  Coal  Measure  rocks  in  the  vicinity 
of  Amity,  Clark  county,  a  conglomerate  found  by  Dr.  George 
H.  Ashley  resembles  the  phosphate-rock  somewhat;  but  a 
chemical  examination  of  one  example  of  it  showed  it  to  contain 
only  about  9  per  cent,  of  calcium  phosphate. 

Cretaceous  Phosphates. — Bands  of  black  phosphate-like  pebbles 
are  known  in  some  of  the  Cretaceous  beds  of  the  State.  One 
of  these  first  noticed  by  the  writer  in  1887  was  afterwards 
referred  to  as  a  "  deposit  of  blackened  quartz  pebbles,  "t  I  find, 
on  making  a  chemical  examination  of  these  pebbles,  that  some 
of  them  are  chert  and  some  of  them  are  phosphate  nodules.| 
I  do  not  know  of  their  occurring  in  the  Cretaceous  rocks  in 
sufiicient  quantities  to  make  them  valuable. 

Attention  should  be  directed  in  this  place  to  another  possible 
source  of  phosphates  in  Arkansas — the  Cretaceous  marls  of  the 
southwestern  part  of  the  State.  These  marls  are  very  like 
the  greensand  marls  of  New  Jersey,  and  are,  in  all  probability, 
available  for  the  same  purposes  as  those  for  which  they  have 
long  been  so  extensively  and  successfully  used  in  New  Jersey, 
namely,  for  direct  application  as  fertilizers  to  the  soil.  No 
thorough  practical  test,  however,  has  ever  been  made  of  the 
Arkansas  greensands. 

In  France  similar  greensands  are  now  used  for  the  manu- 
facture of  high-grade  fertilizers,  and  it  is  suggested  that  pos- 
sibly the  Arkansas  beds  may  be  handled  in  the  same  way.  At 
Bullegarde-sur-Valserine,  Ain,  France,  the  greensand-beds  are 

*  Postscript. — A  chemical  examination  of  tliis  rock  lias  shown  that  it  contains 
so  little  phosphoric  acid  that  it  is  doubtfnl  whether  it  should  iiave  been  mentioned. 
This  conglomerate,  however,  ought  to  be  further  examined  for  phosphate-rock. 

t  Ann.  Rep.  Ocol.  Stir,  of  Arkamas  for  1883,  vol.  ii.,  p.  77. 

J  For  specimens  of  the  Cretaceous  pebbles  I  am  under  obligations  to  Mr.  Rupert 
B.  Haskins,  Instructor  in  Chemistry  in  the  Arkadelphia  Methodist  College, 
Arkadelphia,  Ark. 
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exposed  in  horizontal  beds  from  4  to  6  feet  thick  on  the  hanks 
of  the  river  Rhone.  These  beds  are  mined  hy  drifts ;  the  crude 
material  is  run  through  a  crusher,  and  thence  passes  through 
water  into  ordinary  revolving  wire-screens,  which  allow  the 
fine  sands  and  worthless  matter  to  be  washed  out,  while  the 
phosphate  nodules  which  are  hard  enough  to  resist  crushing  in 
the  rollers  fall  out  at  the  ends  and  are  afterwards  used  as  rock- 
phosphates  for  the  manufacture  of  high-grade  fertilizers. 

I  regret  that  I  cannot  at  present  give  the  areal  distribution  of 
these  greensand  marl-beds  in  Arkansas.  They  are,  however, 
confined  to  the  Cretaceous  rocks ;  and  the  general  distribution 
of  the  rocks  of  that  age  is  shown  on  the  geological  maps  accom- 
panying the  report  of  the  Geological  Survey  of  Arkansas  on 
the  Mesozoic  and  Tertiary.* 

I  have  noted  the  greensand-beds  at  Washington,  Hempstead 
county,  where  they  are  exposed  between  the  railway  station 
and  the  Garland  place ;  also  on  the  Haskins  place  on  the  Little 
Deciper,  about  three  miles  southwest  from  Arkadelphia. 

Value  of  the  Phosjjfiates. — The  data  at  hand  regarding  these 
Arkansas  phosphate-beds  are  not  sufficient  to  determine  whether 
or  not  they  exist  at  many  points  in  quantity  and  of  a  quality 
that  will  make  them  of  commercial  value. 

Most  of  the  facts  in  my  possession  were  gathered  before  the 
nature  of  the  deposits  was  known,  and  when  they  were  not  con- 
sidered to  have  any  economic  value.  After  ascertaining  their 
nature,  I  offered  the  State  of  Arkansas  my  services  in  working 
up  the  subject  in  detail,  but  the  proposition  was  not  acted  upon. 
To  make  a  careful  examination  of  the  entire  outcrop  across  the 
whole  Palaeozoic  area  of  North  Arkansas,  and  through  the 
Silurian  area  of  the  central  part  of  the  State,  would  cost  more 
than  private  parties  would,  as  a  rule,  be  willing  to  venture  in 
such  an  enterprise.  These  facts  should  be  borne  in  mind  in 
any  attempt,  from  the  data  here  given,  to  arrive  at  decided  con- 
clusions regarding  the  commercial  value  of  the  deposits.  No 
doubt,  after  the  geology  and  the  appearance  of  the  phosphate- 
rocks  become  known  throughout  the  region  in  question,  the 
existence  of  the  more  important  beds  will  gradually  come  to 
light,  and  means  can  be  devised  for  their  exploitation.  Several 
railway    companies  have  diligently   sought  valid    reasons  for 

*  Vol,  ii.  for  1888  and  vol.  ii.  for  1892. 
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extending  their  lines  into  this  North  Arkansas  region ;  it  is 
hoped  that  the  knowledge  of  these  phosphate-beds  may  ofter 
some  of  them  the  inducements  they  have  so  long  looked  for. 

The  few  analyses  made  of  the  phosphate-rocks  are  here 
brought  together  for  purposes  of  comparison,  and  to  indicate 
the  market-values  of  the  materials. 

Analyses  of  Arkansas  Phosphate-Rocks. 


Locality. 


Milligan  place,  specimens  from  in-  \ 

side  of  cave j 

Milligan  place,  second  set  of  inside  \ 

specimens ) 

Milligan  place, specimens  from  boul-  \ 

ders  on  surface i 

Milligan     place,    specimens     from  \ 

small  surface  fragments  ....  J 
Meeker  place,  near  Cushman  .... 

Monkey  run,  black  nodules 

Baker's  gin,  buff  nodules 

S.  W.  of  Monkey  run,  brown  nodules 


Phosphoric 
Acid,  P2O5. 


Per  cent. 
26.13 
26.77 
29.40 
29.98 
31.06 
31.11 
33.54 
33.86 
22.62 
31.75 
35.11 
25.92 


Equivalent  to 
Bone  Phos- 
phate, Ca3P208. 


Per  cent. 
51.53 
52.08 
64.82 
65.37 
67.21 
67.74 
72.89 
73.28 
49.38 
69.31 
76.62 
56.58 


Oxides  of  Iron 
and  Alumina. 


Per  cent. 
5.89 
5.86 
3.08 
3.87 
8.01 
7.05 
5.19 
5.09 
8.82 
8.10 
7.21 
9.01 


Cost. — As  no  attempt  has  ever  been  made  to  work  the 
Arkansas  phosphate-deposits,  the  probable  cost  can  only  be 
estimated  from  the  cost  of  mining  similar  deposits  in  Tennessee 
and  from  the  price  of  labor  in  Arkansas.  Mr.  Memminger 
puts  the  cost  of  the  Duck  river  material  on  board  cars  at  $2.75 
per  long  ton.     This  is  distributed  as  follows  : 

Per  ton. 

Mining, $1.00 

Hauling  9  miles  to  railway, 1.50 

Breaking, 0.25 

Total, $2.75 

The  cost  of  a  long  ton  at  the  Tennessee  and  Southern  Com- 
pany's mines  he  distributes  thus : 

Per  ton. 

Mining, $1.0 

Hauling  4  miles  to  railway, 1.00 

Breaking, 0.25 

Total, $2.25 

This  rock  paid  $2.91  freight  to  Atlanta,  and  was  sold  for 
$6.00  a  ton.* 

*  "Commercial  Development  of  the  Tennessee  Phosphate,"  by  C.  G.  Mem- 
minger, Hjth  Ann.  Rep.  U.  S.  Oeol.  Sur.,  Part  IV.,  pp.  631-635. 
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Teams  can  be  had  in  the  manganese-region  of  Arkansas  for 
from  $2.00  to  $3.00  a  day;  and,  by  contract,  the  phosphate-rock 
from  the  deposits  from  1  to  2  miles  west  of  Cushman  could  be 
put  on  board  cars  at  a  cost  of  50  cents  a  ton  or  less.  Other 
deposits  would  cost  more  for  teaming  on  account  of  greater  dis- 
tance from  the  railway.  Freight  from  Cushman  to  St.  Louis 
is  about  $2.25  a  ton.  The  cost  per  long  ton  would  therefore 
be  about  as  follows : 

Per  ton. 

Mining, |1.00 

Hauling, 0.50 

Breaking 0.25 

Freight  to  St.  Louis, 2.25 

Total, $4.00 

In  Tennessee  beds  averaging  30  inches  thick  are  worked,  and 
the  rock  is  hauled  5  miles  to  the  railway  with  a  profit. 

The  Duck  River  Company,  9  miles  east  of  Centerville,  Hick- 
man county,  Tenn.,  has  stripped  to  a  depth  of  20  feet  to  uncover 
a  phosphate  bed  36  inches  thick.* 

Unskilled  labor  can  be  had  at  as  low  rates  in  Arkansas  as  in 
Tennessee,  while  living  in  the  phosphate-region  is  cheap  and 
good,  and  the  region  is  high  and  healthful  and  well  supplied 
with  excellent  water. 

Method  of  Mining. — Inasmuch  as  the  phosphate-beds  of  north 
Arkansas  are  almost  invariably  in  horizontal  beds  between  two 
beds  of  hard  rock,  and  as  they  are  for  the  most  part  exposed 
on  the  sides  of  gorges  or  valleys  where  erosion  has  cut  down 
through  these  beds,  whatever  mining  is  done  will  be  in  drifts. 
The  overlying  rock,  generally  the  St.  Joe  marble,  is  sufficiently 
massive  and  coherent  to  make  a  good  roof,  but  if  timbering 
should  be  necessary,  the  best  of  timber  for  such  purposes 
covers  the  entire  region,  and  can  be  had  at  little  cost. 

The  only  place  I  now  know  of  at  which  the  phosphate-rock 
can  be  had  at  the  surface  or  by  stripping,  is  over  a  limited  area 
at  Baker's  gin  in  16  N.,  16  W.,  Section  8. 

Possibly  some  method  can  be  devised  by  which  the  black 
pebbles  can  be  separated  from  the  sandy  portion  of  the  Syla- 
more  sandstone.  The  character  of  these  nodules  is  shown  by 
the  analysis  from  Monkey  run  to  be  very  good  ;  the  rock  as  a 

*  C.  G.  Meraminger  in  IQlh  Ann.  Rep.  U.  S.  Geol.  Sur.,  Part  IV.,  p.  631. 
VOL.  XXVI. —39 
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whole  can  probably  not  be  used,  except  where  the  pebbles  are 
unusually  abundant. 

Transportation. — One  of  the  greatest  difficulties  at  present  in 
the  way  of  any  development  of  the  phosphate-deposits  of  the 
State  is  the  absence  of  prompt  and  cheap  transportation-facili- 
ties. It  is  true  that  the  White  river  flows  through  the  phos- 
phate-region-; but  that  stream  furnishes  an  uncertain  and  un- 
steady means  of  shipment.  Moreover,  freight  would  have  to 
be  transferred  to  the  railway  either  at  Batesville  or  at  Newport, 
or  it  would  have  to  make  the  long,  tedious  voyage  down  to  the 
mouth  of  White  river,  and  thence  up  the  Mississippi  to  Mem- 
phis or  SL  Louis  or  down  to  ISqw  Orleans. 

The  deposits  now  known  nearest  to  the  railway  are  those  in 
the  vicinity  of  Cushman  ;  and  it  is  for  these  convenient  deposits 
only  that  the  favorable  rates  given  above  are  available. 

If  the  disadvantages  of  transfer  from  boat  to  railway  and  high 
railway-rates  were  removed,  there  would  still  be  a  considerable, 
and,  at  present,  uncertain  cost  of  hauling  from  the  remote 
mines  to  the  boats,  always  over  bad  country  roads. 

Market. — In  case  any  of  the  Arkansas  deposits  are  found 
available,  St.  Louis  seems  to  be  well  adapted  to  the  manufacture 
of  fertilizers,  both  on  account  of  railway  facilities,  its  location 
with  reference  to  the  users  of  fertilizers,  and  also  on  account 
of  the  cheapness  and  convenience  ©f  sulphuric  acid  at  that 
place. 

The  Map. — The  map  accompanying  this  paper  is  taken  from 
the  map  sheets  forming  portions  of  the  Manganese  and  Marble 
reports  of  the  Geological  Survey  of  Arkansas.  It  does  not 
show,  however,  the  entire  region  of  the  phosphate-horizon  in 
northern  Arkansas.  This  horizon  extends  northward  into 
Missouri  and  westward  through  Boone,  Carroll,  Washington, 
and  Benton  counties.  The  horizon  at  which  the  phosphate- 
rocks  occur  further  west  is  shown  on  the  geological  maps  ac- 
companying the  Arkansas  Survey's  reports  on  Washington 
county  (Vol.  IV.,  Ann.  Rep.  for  1888),  on  Benton  county  (Vol. 
II.,  Ann.  Rep.  for  1891|),  and  on  those  of  the  marble  report 
already  mentioned.  These  maps  also  have  the  advantage  of 
being  on  a  larger  scale — two  miles  to  the  inch. 
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The  Concentration  of  Ores  in  the  Butte  District,  Montana. 

BY  CHARLES  W.  GOODALE,  BUTTE,  MONTANA. 

(Colorado  Meeting,  September,  1896.) 

Part  I. 

The  ores  of  the  Butte  district  present  a  variety  of  combina- 
tions, and  their  treatment  by  concentration  is  an  interesting 
study.     They  may  be  classified  in  general  as  follows : 

1.  Copper-silver  ores,  which  are  produced  by  the  mines  of 
the  Anaconda  group,  and  by  the  Mountain  View,  Colusa,  Sil- 
ver Bow  and  Parrot.  The  high-grade  ores  from  these  proper- 
ties are  roasted  and  then  smelted ;  but  a  large  proportion  of  the 
output  is  low-grade  and  siliceous,  and  hence  requires  concen- 
tration. The  copper-bearing  minerals  are  chalcocite,  bornite, 
enargite  and  chalcopyrite,  in  varying  proportions  in  the  differ- 
ent mines,  the  gangue,  which  breaks  readily  into  grains,  being- 
quartz  and  feldspar. 

2.  Silver-copper  ores,  of  which  the  Gagnon  vein  is  the 
largest  producer.  The  grade  of  the  ores  from  this  mine  is 
such  that  nine-tenths  of  the  output  requires  concentration.  The 
silver-  and  copper-bearing  minerals  of  this  vein  are  massive 
w^urtzite,  sphalerite,  bornite,  chalcopyrite,  pyrite,  tetrahedrite, 
enargite,  tennantite  and  galenite,  with  a  quartz  gangue  associ- 
ated with  feldspar  and  small  quantities  of  barite  and  fluorite. 
The  gangue  is  \ery  hard  and  not  at  all  granular. 

3.  Silver-ores  containing  a  small  amount  of  gold,  embracing 
the  product  of  the  Alice,  Magna  Charta  and  Moulton  claims,  on 
what  is  known  as  the  Rainbow  lode,  and  that  of  the  Lexington, 
Blue  Bird,  Xettie,  Burlington  and  other  mines. 

The  gangue  is  quartz,  carrying  pyrite,  sphalerite,  galenite, 
tetrahedrite  and  argentite,  with  manganese  in  tlie  form  of  rho- 
dochrosite  and  rhodonite.  Good  results  on  ores  of  this  class  can- 
not be  obtained  by  concentration,  because  large  percentages  of 
the  silver-bearing  minerals  are  disseminated  through  the  gangue 
in  such  minute  grains  that  even  the  finest  practicable  crushing 
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does  not  liberate  them  from  the  quartz  so  that  a  good  saving 
can  be  effected.  Furthermore,  a  great  loss  is  sustained  from 
the  floating  away  of  the  rich  silver-glance  in  the  form  of  a 
greasy  scum  upon  the  surface  of  the  water.  Nearly  all  of  these 
ores  are  therefore  treated  by  chloridizing-roasting  and  amal- 
gamation, at  a  cost  of  from  $5.50  to  $7.50  per  ton,  and  with  a 
saving  of  about  85  to  90  per  cent,  of  the  silver  and  40  per  cent, 
of  the  gold ;  the  fineness  of  the  resulting  bullion  being  from 
.400  to  .700.  The  "  Combination  Process,"  that  is,  wet  crush- 
ing followed  by  concentration  and  the  treatment  of  the  tailings 
from  the  concentrating-machines  in  amalgamating-pans,  has 
never  been  tried  on  these  ores  on  a  large  scale.  This  method 
of  treatment  has  its  advocates,  who  claim  that  lower  cost  of 
treatment,  increased  sa^dng  of  gold  contents,  together  with  the 
probability  of  securing  finer  bullion,  would  more  than  offset  the 
loss  in  smelting  the  concentrates  and  the  smelting-charges ;  but, 
judging  from  runs  of  these  silver-ores  which  have  been  made 
through  the  concentrating-mills,  it  is  very  doubtful  if  a  good 
sa\'ing  could  be  made  in  the  pans,  because,  while  the  silver 
sulphides  which  would  escape  over  the  concentrating-machines 
might  be  decomposed  and  amalgamated,  there  are  silver-bear- 
ing minerals  attached  to  or  locked  up  in  minute  grains  of 
quartz,  which  could  not  be  separated  on  the  concentrators  or 
affected  by  the  reactions  of  an  amalgamating-pan.  Ores  from 
mines  of  this  class  which  are  owned  by  companies  engaged  in 
smelting  have  been  treated  by  concentration,  particularly  when 
they  contained  manganese;  but  of  these  ores  more  will  be  said 
further  on. 

Systems  of  Concentratiov. — There  are  two  general  systems  in 
use  in  the  Butte  district.  At  Anaconda  and  at  the  Butte  Re- 
duction Works  steam-stamps,  hydraulic  separators  or  classifi- 
ers, Collom  jigs  and  revolving  slime-tables  are  employed  ;  while 
at  the  Butte  and  Boston,  Boston  and  Montana,  Parrot  and 
Colorado  concentrating-works,  Blake  rock-breakers,  Cornish 
rolls,  revolving  screens,  Harz  jigs  and  vanners  are  in  use. 
Hydraulic  sizing  is  also  practiced  in  the  last-named  mills  for 
the  separation  from  the  slimes  of  material  which  10-  and  12- 
mesh  jigs  can  treat.  At  the  Butte  Reduction  Works  vanners 
are  used  for  the  overflow-slimes  from  the  tanks  which  supply 
the  round  tables. 


CONCENTRATION  OF  ORES  IN  THE  BUTTE  DISTRICT,  MONTANA.       601 

Historical— Tha  first  concentratiiig-plaut  erected  in  the  Butte 
district  was  ordered  by  Mr.  A.  Warteiiweiler  for  the  Montana 
Coi)per  Co.,  and  began  operations  in  1881.  It  was  a  small  plant, 
having  a  capacity  of  only  25  tons  per  day,  and  consisted  of  1 
cruslier,  2  pairs  of  rolls,  for  fine  and  coarse  crashing,  4  trom- 
mels, 4  Harz  jigs  and  2  elevators.  Frue  vanners  were  after- 
ward put  in  for  the  treatment  of  the  slimes.  The  capacity  of 
the  mill  was  increased  the  following  year  to  100  tons  per  day, 
and  under  the  present  ownership  (the  T3oston  and  Montana 
Consolidated  Copper  and  Silver  Mining  Company)  the  vanners 
w^ere  replaced  by  a  20-foot  double  round  table,  with  a  pitch  of 
1  inch  to  1  foot.  It  is  claimed  by  the  management  that  this 
double  round  table  does  as  much  and  as  good  work  as  6  or  8 
vanners.  An  analysis  of  the  Colusa  ore,  which  was  first  con- 
centrated by  this  mill,  is  not  at  hand :  but  it  is  reported  that 
the  copper  was  nearly  all  in  the  form  of  a  sulphide  or  glance, 
with  small  quantities  of  chalcopyrite  and  bornite,  associated 
with  pyrite  and  a  quartz  gangue.  The  silver  contents  were 
too  small  in  value  to  pay  for  the  separation  from  the  matte 
produced  by  smelting  the  concentrates. 

The  next  concentrator  in  the  district  was  put  up  by  the 
Parrot  Silver  and  Copper  Co.  in  April,  1882.  It  was  equipped 
with  a  Blake  crusher,  three-compartment  Harz  jigs  and  Frue 
vanners,  its  daily  capacity  being  about  50  tons.  The  following 
year  this  was  increased  to  100  tons  by  the  addition  of  jigs  for 
handling  fine  sand  which  had  formerly  gone  to  the  vanners ; 
and  in  1884  the  mill  was  enlarged  to  200  tons  daily  duty,  and 
Rittiuffer  tables  were  introduced.  The  facilities  of  the  plant 
were  still  further  increased  in  1888  by  the  addition  of  ma- 
chinery for  crushing  and  treating  middlings,  and  Frue  vanners 
took  the  place  of  the  Rittinger  tables.  At  present  the  average 
work  of  the  mill  is  200  tons  of  ore  per  day,  of  which  the  fol- 
lowing is  an  approximate  analysis:  copper,  10;  iron,  15.8; 
sulphur,  20.5;  silica,  50.1  per  cent.  From  this  a  product  is 
obtained  of  about  one-half  the  weight  of  the  crude  ore  and  of 
the  following  composition :  copper,  17;  iron,  27;  sulphur,  85; 
silica,  18  per  cent.  Of  the  200  tons  treated  daily  the  jigs  han- 
dle 177  tons,  or  88.5  per  cent,  and  the  balance,  23  tons  of 
slimes,  goes  to  the  tanks  which  supply  the  vanners  and  Rittin- 
o-er  tables.     The  composition  of  these   slimes  is   as  follows: 
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copper,  7.3;  iron,  6.6;  sulphur,  9.6;  silica,  74.6  per  cent. 
Only  about  65  per  cent,  of  these  slimes  goes  to  the  vanners  and 
tables,  35  per  cent,  being  lost  entirely  in  the  overflow  from  the 
above-mentioned  tanks.  This  overflow  contains  about  1200 
pounds  of  copper  daily,  or  3  per  cent,  of  the  copper  contained 
in  the  crude  ore.  The  vanner-product  is  about  4  tons  out  of 
the  15  or  16  tons  handled,  and  these  concentrates  carry  25 
per  cent,  of  copper.  The  tailings  from  the  jigs  contain  1.5  per 
cent,  of  copper,  or  about  2640  pounds,  for  the  day's  run.  Fig- 
ures for  the  total  loss  are  very  incomplete.  It  is  the  opinion  of 
Mr.  James  Breen,  the  chemist  of  the  works,  that  it  does  not 
exceed  10  per  cent.;  but  in  view  of  the  loss  of  over  3  per  cent, 
in  overflow-slimes,  this  estimate  of  the  total  percentage  is  un- 
doubtedly too  low.  Regarding  the  character  of  the  ore,  Mr. 
Breen  says  it  is  a  peacock-copper,  containing:  copper,  53.2; 
iron,  17.4;  sulphur,  28.5  per  cent.;  corresponding  very  closely 
with  the  formula  CugFeSg,  or  bornite.  This  is  mixed  in  a 
quartz  gangue  with  pyrite,  assaying:  copper,  3.8;  iron,  44.3; 
sulphur,  50.3  per  cent.  In  the  first-class  ore,  which  is  sent  di- 
rectly to  the  smelter  without  concentrating,  the  ratio  of  the 
bornite  to  the  pyrite  is  30  to  70,  while  in  the  second-class  ore 
it  is  36  to  64 — that  is,  the  first-class  contains  about  6  per  cent, 
more  iron  in  proportion  to  the  copper  than  the  second-class. 
Just  below  the  limit  of  surface-decomposition  in  the  Parrot 
vein  the  ore  contains  a  little  glance,  and  it  is  very  noticeable 
that  the  percentage  of  the  pyrite  is  much  greater  in  the  lower 
than  in  the  upper  workings,  though  the  copper-contents  remain 
about  the  same. 

In  the  fall  of  1881  work  was  begun  by  the  Colorado  Smelt- 
ing and  Mining  Company  on  a  concentrating-plant  designed  to 
have  a  daily  capacity  of  50  tons.  It  was  completed  in  March, 
1882,  and  contained  the  usual  equipment  of  a  breaker,  Cornish 
rolls  and  sizing-screens,  7  four-compartment  Harz  jigs  and  2 
single-deck  round  tables.  These  tables  were  14  feet  in  diame- 
ter, with  a  pitch  of  an  inch  to  the  foot,  and  were  set  to  make 
1|  revolutions  per  minute.  The  work  done  by  these  tables  was 
so  imperfect  that  one  of  them  was  taken  out  in  1886,  and  3 
True  vanners  were  substituted.  Experiments  were  made  with 
a  Hooper  slimer,  and  the  work  done  by  this  machine  was  com- 
pared with  that  of  the  round  table  and  of  the  Frue  vanners. 
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The  contest  resulted  in  a  decided  victory  for  the  True  vanners. 
The  following  iigures  show  the  tests  on  Gagnon  ore,  the  char- 
acter of  which  will  be  described  hereafter : 


Crude. 

Concentrates. 

Tailings, 

Silver. 

Gangue. 

Silver. 

Gangue. 

Silver. 

Ounces 

Per 

Ounces 

Per 

Ounces 

per  ton. 

cent. 

per  ton. 

cent. 

per  ton. 

Frue, 

•       16f 

74 

51 

24 

2.} 

Hooper,  . 

.        Hi 

73 

43 

35 

14 

Round  Table,  . 

.       17 

74 

45 

33 

11 

111  the  Hooper  slimer  concentration  was  effected  in  80  iron 
troughs  having  corrugated  bottoms.  The  troughs  or  sluices 
were  63  inches  long  and  4|  inches  wide,  with  a  slight  inclina- 
tion away  from  the  feed,  and  were  attached  to  a  slowly-moving 
endless  chain.  As  the  sluices  passed  over  the  end  of  the  ma- 
chine, jets  of  water  washed  out  the  contents.  Here  a  classili- 
cation  was  attempted,  the  mineral  in  the  upper  24  inches  being 
clean  concentrates,  the  next  18  inches  middlings  (which  went 
through  the  process  again)  and  the  lower  21  inches  tailings. 
To  facilitate  the  separation  of  the  sulphides  from  the  gangue 
the  whole  frame  carrying  the  chain  was  given  a  shaking  mo- 
tion by  a  very  ingenious  contrivance,  which  varied  the  stroke 
from  one-half  to  three-quarters  of  an  inch,  and  the  number  of 
strokes  from  184  to  234.  It  had  been  claimed  for  the  slimer 
that  it  would  do  as  much  work  as  four  Frue  vanners ;  but  it 
was  found  in  the  competitive  test  that  the  vanner  was  handling 
3168  pounds  of  material  per  24  hours  as  against  3312  pounds 
for  the  slimer.  The  slimer  was  first  employed  in  the  treat- 
ment of  graphite  at  Lake  Champlain,  where  the  crushed  ma- 
terial was  passed  through  the  sluices  and  the  light  graphite 
washed  away  and  collected  in  settling-tanks,  while  the  heavier 
quartz  and  other  gangue-minerals  remained  in  the  sluices,  and 
were  disposed  of  as  the  sluices  passed  over  the  end  of  the  ma- 
chine. 

The  round  table  and  Hooper  slimer  were  condemned  and  re- 
placed with  Frue  vanners  ;  and  at  about  the  same  time  a  Hunt- 
ington mill  and  two  four-compartment  Harz  jigs  were  put  in 
to  treat  the  tailings  from  the  coarse  jigs.  By  working  over 
these  coarse  tailings,  and  allowing  no  material  coarser  than  |-inch 
in  diameter  to  leave  the  mill  in  the  tailings-sluice,  an  addi- 
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tional  saving  in  concentrates  of  abont  7  per  cent,  of  the  contents 
of  the  crude  ore  was  eifected.  After  these  changes,  the  plant 
had  an  average  capacity  of  85  tons  per  day;  65  tons  per  day 
on  Gagnon  silver-copper  ore,  with  a  hard  quartz  gangue,  or 
100  tons  on  copper-silver  ores  like  those  of  the  Parrot  and 
Speculator.  The  amount  of  water  required  was  300  gallons  per 
minute,  or  about  5000  gallons  per  ton  of  ore. 

The  business  of  the  Colorado  Smelting  and  Mining  Company 
in  the  purchase  of  silver-  and  silver-copper  ores,  and  the  pro- 
duction of  a  silver-copper  matte,  required  a  concentrating-plant 
to  handle  ores  of  this  character  which  were  too  siliceous  to  be 
smelted  without  previous  dressing ;  and  the  work  of  its  mill 
has  been  almost  entirely  upon  such  ores,  though  it  has  also  had 
something  to  do  with  copper-  and  copper-silver  ores.  Its 
principal  duty  has  been  on  the  ores  of  the  Gagnon  vein,  the 
property  of  the  company. 

Gagnon  Ore. — ^Volume  XVI.  of  the  Transactions  contains  an 
interesting  paper  by  Mr.  Richard  Pearce  on  the  association  of 
minerals  in  the  Gagnon  vein,  and  some  of  the  results  stated 
below  are  from  his  personal  study  and  investigation.  During 
the  last  year  the  concentrator  treated  16,395.7  tons  of  ore  from 
this  vein,  which  averaged  16.2  ounces  of  silver,  and  about  55 
per  cent,  of  gangue,  yielding  a  product  of  6,738.56  tons,  assay- 
ing 31.1  ounces  of  silver  and  17  per  cent,  of  gangue.  This 
showed  that  78.8  per  cent,  of  the  silver  contained  in  the  crude 
ore  was  recovered  in  concentrates. 

Mr.  Pearce  made  a  vanning-test  on  a  sample  of  the  Gagnon 
ore,  making  analyses  of  both  crude  and  concentrates,  and 
obtaining  the  following  interesting  results : 


Crude. 

Concentrates. 

Saved. 

Per  cent. 

Per  cent. 

Per  cent 

Gangue, 

49.90 

15.30 

Pb,        .         .         . 

.33 

.57 

78.83 

Fe,        .         .         . 

10.45 

19.63 

85.68 

Zn,         .         .         . 

15.08 

23.60 

71.36 

Cn, 

2.70 

4.60 

77.69 

S,          .         .        . 

19.14 

31.83 

75.84 

97.60  95.53 

Mr.  Pearce  draws  these  conclusions  from  the  above  analyses 
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"In  all  probability  tlie  following  minerals  go  to  make  up  the  ore  : 


Crude. 

Concentrates. 

Saved. 

Per  cent. 

Per  cent. 

Per  cent 

Gangue,  SiOj,  etc., 

49.90 

15.30 

Galena,  PbS, 

.38 

.65 

79.50 

Pyrite,  FeS„ 

20.70 

39.17 

86.29 

Zinc-blende,  ZnS, 

22.62 

35.40 

71.42 

Bornitc,  3(Cu,S),  Fe^Sg, 

4.85 

8.26 

77.40 

98.45  98.78 

"  The  zinc-blende  has  sustained  the  greatest  loss,  and  this  mineral  must  have 
been  very  low  in  silver.  The  only  mineral  in  which  there  is  any  doubt  is  bor- 
nite.  I  have  figured  all  the  copper  into  that  mineral,  and  in  all  probability  a 
portion  of  it  should  belong  to  copper  pyrites  (Cu.^S,  Fe^^Sj)." 

The  above  vaniiing-tests  may  be  compared  with  the  actual 
work  in  the  mill  on  this  lot,  which  gave  the  following  figures : 
Crude  ore,  350.5  tons,  assaying  14.9  ounces  silver,  2.8  per 
cent,  (wet)  copper  and  49  per  cent,  gangue.  Concentrates, 
170.187  tons,  assaying  25.4  ounces  silver,  4.3  per  cent,  (wet) 
copper  and  15  per  cent,  gangue.  Tailings,  by  difference,  179. 
313  tons,  assaying  4|  ounces  silver.  This  shows  a  yield  of  1 
ton  of  concentrates  out  of  2.06  tons  of  crude  ore,  and  a  recovery 
of  83  per  cent,  of  the  silver  and  74.5  per  cent,  of  the  copper. 
The  tailings  contained  14.6  per  cent,  of  the  silver,  the  discrep- 
ancy being  due  to  errors  in  sampling. 

Parrot  Ore. — On  a  lot  of  Parrot  ore  recently  treated,  which 
was  concentrated  2.47  into  1,  the  following  results  were  secured ; 
Crude,  1976  tons,  assaying  10.2  ounces  silver,  0.16  ounce  gold 
i:)er  ton,  12.4  per  cent,  copper  and  55.5  per  cent,  gangue.  Con- 
centrates, 798.372  tons,  assaying  20.75  ounces  silver,  0.215  ounce 
gold  per  ton,  27.5  per  cent,  copper  and  9.5  per  cent,  gangue. 
Tailings,  1,177.628  tons,  assaying  2.4  ounces  silver  and  1.8  per 
cent,  copper.  Percentage  recovered  in  concentrates  :  silver,  82.2 ; 
copper,  89.6 ;  gold,  54.3.  Percentage  lost  in  tailings  :  silver, 
14;  copper,  8.7.  Percentage  unaccounted  for:  silver,  3.8; 
copper  1.7.  Lower  tailings  and  a  higher  percentage  of  saving 
could  have  been  obtained  by  not  attempting  to  get  the  concen- 
trates so  clean,  but  there  would  have  been  a  greater  weight  on 
which  to  pay  smelting-charges,  and  clean  work  was  more  profit- 
able. The  overflow  from  the  tanks  which  supplied  the  vanners 
ran  into  a  large  tank,  the  settlings  in  which  were  kept  separate 
on  this  run.  No  eftbrt  was  made  to  concentrate  this  stuff,  as  no 
machine  could  handle  it  to  advantage.     The  accumulation  in 
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the  tank  for  the  entire  run  of  1976  tons  was  11  tons,  assaying 
9.2  ounces  silver  and  10.5  per  cent,  copper.  This  accounted 
for  0.5  per  cent,  of  the  silver  and  0.47  per  cent,  of  the  copper 
listed  above  as  unaccounted  for;  but  the  remainder,  3.3  per 
cent,  of  the  silver,  and  1.23  per  cent,  of  the  copper,  may  have 
gone  off  in  the  final  overflow,  though  errors  in  sampling  may 
explain  a  portion  of  it. 

Manganese-Ores. — Argentiferous  manganese-ores  have  been 
treated  by  the  Colorado  Smelting  and  Mining  Company's  con- 
centrator in  large  quantities.  The  oxidized  surface-ores  of  this 
class  show  a  heavy  loss,  except  where  the  silver  is  largely  asso- 
ciated with  a  hard  pyrolusite,  and  not  with  the  earthy  forms 
of  manganese  oxides.  Thousands  of  tons  of  rhodochrosite  ores, 
containing  40  to  50  per  cent,  of  silica,  have  been  worked  suc- 
cessfully, though  the  separation  of  the  manganese  minerals 
from  quartz,  where  there  is  a  diiference  of  only  one  unit  in  the 
specific  gravity,  is  not  easy  or  complete.  The  silver  in  these 
ores  is  associated  with  blende,  galenite,  pyrite,  and  tetrahedrite. 
The  Burlington  mine  has  been  an  important  source  of  such 
ores,  and  the  results  of  concentration  of  several  thousand  tons 
may  be  interesting.  The  crude  ore  assayed  about  12  ounces 
silver  and  .025  ounce  gold,  and  contained  about  43  per  cent, 
of  silica  and  45  per  cent,  of  carbonate  of  manganese.  The 
degree  of  concentration  was  2.2  tons  into  1,  and  the  product 
assayed  21  ounces  silver,  0.03  ounce  gold,  with  18  per  cent,  of 
gangue,  while  the  tailings  assayed  5  ounces  silver.  The  con- 
centrates contained  about  77  per  cent,  of  the  silver-contents 
of  the  crude  ore.  An  analysis  by  Mr.  0.  Bergstrom  of  one  lot 
of  concentrates  gave  the  following  results : 


Analysis. 


AI.O3, 

S,  . 

Fe, 

MnO, 

Zn, 

Cu, 

Pb, 

CO,, 

Combined  water, 


Per  cent. 

14.90 
1.55 
6.50 
6.30 

38.89 

400 

.30 

Trace 

25.60 
1.80 


99.84 
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Mineral  Composition. 

Per  cent. 

ZnS, 6.00 

Cu,S, 45 

FeS.„ 8.14 

FeO,  CO.,, 5.19 

MnO,  CO,, 61.70 

MnO, 80 

AlA, 1-55 

SiO.„ 14.90 

H,6, 1.80 

100.53 

It  is  the  opinion  of  Mr,  Pearce  that  some  riiodonite  (MnO,- 
Si02)  exists  in  the  ore,  and  that  some  of  the  SiOg  is  combined 
in  that  way,  and  he  further  suggests  that  the  AljOg  exists  in 
combination  with  the  SiOj  and  HgO  in  the  form  of  kaolinite  or 
as  partially  kaolinized  feldspar.  The  concentrated  product 
from  this  rhodochrosite-ore  was  smelted  in  reverberatory  matte- 
furnaces  without  previous  calcining,  and  the  manganese  made 
it  a  desirable  flux. 

Steam-Stamps  and  Cornish  Rolls. — While  the  cost  of  crushing 
ore  is  much  less  under  a  steam-stamp  than  through  crushers 
and  Cornish  rolls,  the  percentage  of  slimes  is  much  greater 
from  the  stamp  than  from  the  older  method  of  crushing,  and 
the  most  recently  constructed  mills  in  Butte  do  not  contain 
steam-stamps.  Samples  of  Gagnon  ore  treated  by  the  two 
methods  were  sent  to  Mr.  Henry  A.  Yezin,  and  were  sifted 
through  screens  of  varying  mesh  with  the  following  results : 
The  screen  used  with  the  steam-stamp  was  perforated  steel, 
with  y^g-inch  round  holes  on  front  and  back  and  |-inch  on  sides. 

Sample  of  Gagnon  Ore,  Through  Blake  Crusher,  Cornish  Rolls 
and  Mesh-Screen. 


Meshes  per 

Size  in 

Weight. 

Per 

Silver-assay. 

linear  inch. 

millimeters. 

Oz.  avoir. 

cent. 

Oz.  per  ton. 

4  to  6 

4  to  2.8 

7.55 

9.03 

12.7 

6  to  10 

2.8  to  2 

29. 

34.70 

14.3 

10  to  14 

2  to  1.4 

13.55 

16.21 

13.9 

14  to  20 

1.4  to  1 

9.78 

11.70 

14.1 

20  to  30 

1  to  0.6 

6.20 

7.42 

15.3 

30  to  80 

0.6  to  0.16 

9.56 

11.44 

17.5 

80 

0.16 

7.94 

9.50 

23.6 

83.58  100.00 
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Sample  of  Gagnon  Ore  from  Steam-Stamp,  Through  ^'■Perforated 

Metal "  Screen. 


Assay. 

Meshes  per 

Size  in 

Weight. 

Per 

Silver. 

Copper, 

Gangue, 

linear  inch. 

millimeters. 

Oz.  av. 

cent. 

Oz.per  ton. 

per  cent. 

per  cent. 

4  to  6 

4  to  2.8 

2.95 

2.40 

8. 

2.3 

67.2 

6  to  10 

2.8  to  2 

10.10 

8.22 

9.9 

2.5 

62.4 

10  to  14 

2  to  1.4 

10.10 

8.22 

10.2 

2.7 

61.4 

14  to  20 

1.4  to  1 

11.20 

9.12 

10.23 

2.6 

58.8 

20  to  30 

1  to  0.6 

10.87 

8.85 

9.93 

2.3 

57.3 

30  to  40 

0.6  to  0.42 

9.55 

7.77 

10.8 

2.5 

53 

40  to  60 

0.42  to  0.25 

11.86 

9.66 

11.9 

2.7 

49.1 

60  to  120 

0.25  to  0.12 

7.67- 

6.24 

14.1 

3.1 

46.7 

120 

0.12 

48.55 

39.52 

18.9 

4.3 

46.8 

122.85 

100.00 

It  will  be  seen  from  these  figures  that  in  the  steam-stamp 
work  63  per  cent,  of  the  ore  was  fine  enough  to  pass  through 
a  screen  ha\dng  30  meshes  to  the  inch,  and  in  the  other  system 
only  21  per  cent,  would  pass  through  the  same  size  of  screen. 
At  the  Anaconda  works  the  ore  passes  over  grizzlies,  and  thus 
all  ore  w^hich  is  fine  enough  for  treatment  on  the  jigs  and  tables 
does  not  pass  under  the  steam-stamp ;  and  in  modern  Butte 
mills,  where  rolls  are  used,  ores  which  come  from  the  mines  in 
a  condition  fine  enough  for  concentration  {i.e.,  the  "  mine 
fines  ")  do  not  pass  through  the  rolls.  By  this  separation  of 
the  fine  ore  before  crushing  the  percentage  of  slimes  is  greatly 
reduced.  Given  abundant  space  for  settling  and  a  suflicient 
number  of  concentrating-machines  doing  close  work  on  the 
slimes  there  is  an  argument  in  favor  of  fine  crushing,  for  we 
find  that  grains  of  quartz  from  the  jigs  no  larger  than  \  of  an 
inch  in  diameter  carry  away,  attached  to  or  locked  up  in  them, 
a  large  percentage  of  the  value  of  the  ore.  There  would  be 
less  objection  to  the  amount  of  the  slimes  if  the  ores  from  the 
steam-stamp  were  classified  through  screens  instead  of  hydraulic 
separators,  which,  by  the  necessary  addition  of  water,  greatly 
increase  the  volume  of  material  to  be  handled  or  settled. 

Water-Requirements. — There  is  a  great  difference  in  the  quan- 
tity of  water  used  in  the  several  Butte  mills  for  the  treatment 
of  a  ton  of  ore.  In  the  concentrators  where  steam-stamps  and 
hydraulic  separators  are  in  use  the  amount  of  water  required 
is  not  less  than  5000  gallons  for  each  ton  of  ore,  while  in  mills 
of  the  other  class  3000  gallons  will  do  the  work. 
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Part  II. 

The  first  part  of  this  paper  was  written  in  1889,  but  the  pub- 
lication was  delayed  until  descriptions  could  be  obtained  of 
several  Butte  concentrating-plants.  Prof.  R.  H.  Richards  sug- 
gested the  form  which  is  used  in  the  following  descriptions. 
This  method  has  an  advantage  over  the  graphic  form  of  describ- 
ing mill-processes,  as  it  avoids  the  folded  sheets,  which  are  not 
convenient  in  the  Institute  publications. 

The  Anaconda  Mill,  Anaconda,  Montana. 

In  1883  the  Anaconda  Mining  Co.,  under  the  direction  of 
Manager  Marcus  Daly,  began  the  construction  of  a  concen- 
trating-plant  at  Anaconda,  28  miles  by  rail  from  the  mine.  It 
had  a  capacity  of  about  1000  tons  per  day,  and  commenced 
operations  in  October,  1884.  No  provision  was  made  at  first 
for  the  concentration  of  slimes,  which  were  settled  in  tanks  and 
sent  to  the  smelter,  but  later  on  the  Frue,  Triumph  and  Embrey 
vanners  were  introduced ;  and  the  mill  as  completed  may  be 
described  as  follows: 

1.  Ore-bins,  receiving    ore    from  mines   in    railroad-cars; 
thence  to  (2). 

2.  Grizzlies ;  over-size  to  (3) ;    under-size  to  (4). 

3.  Twelve  Blake  crushers ;  thence  to  (4). 

4.  Hoppers  or  bins  ;   thence  in  cars,  weighed  and  sampled, 
to  (5). 

5.  Tulloch  automatic  feeders  ;  thence  to  (6). 

6.  Six  pairs  of  15-by-27-incli  rolls;  thence  to  (7). 

7.  Six  trommels,  3-nieHh  ;  over-size  to  (8)  ;  under-size  to  (9). 

8.  Six  pairs  of  15-by-2 7-inch  rolls ;  thence  back  to  (7). 

9.  Six  trommels,  S-mesh ;   over-size  to  (10) ;   under-size  to 
(11). 

10.  Twelve  4-compartment  Ilarz  jigs,  4-me8h ;  concentrates 
to  (21) ;  tailings  to  waste. 

11.  Six  trommels,  6-mesh ;  over-size  to  (12);  under-size  to 
(13). 

12.  Twelve  4-compartment  Ilarz  jigs,  S-mesh ;  concentrates 
to  (21) ;    tailings  to  waste. 

13.  Six  trommels,  S-mesh ;  over-size  to  (14);  under-size  to 
(15). 
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14.  Twelve  4-compartment  Ilarz  jigs,  6-mesh;  concentrates 
to  (21) ;  tailings  to  waste. 

15.  Six  trommels,  10-mesli;  over-size  to  (16);  uncler-size  to 
(17). 

16.  Twelve  4-compartment  Harz  jigs,  8-mesli ;  concentrates 
to  (21) ;    tailings  to  waste. 

17.  Six  hydraulic  sizers;  coarse  to  (18);  overflow  or  slimes 
to  (19). 

18.  Twelve  4-compartment  Harz  jigs,  10- and  12-mesh;  con- 
centrates to  (21) ;   tailings  to  waste. 

19.  Twelve  settling-tanks;  settlings  to  (20);  overflow  to 
waste. 

20.  Twenty-six  Frue  vanners,  10  Triumph  and  10  Embrey 
vanners  ;  concentrates  to  (21) ;    tailings  to  waste. 

21.  Draining-floor ;  thence  in  cars  to  roasting-furnaces. 

In  1886  Mr.  Daly  placed  the  works  in  charge  of  Mr.  Otto 
Stahlmann,  and  experiments  were  made,  having  in  view  the 
reduction  of  cost  of  treatment.  The  results  proved  so  satisfac- 
tory that  all  the  old  machinery  w^as  thrown  out,  and  steam- 
stamps,  Collom  jigs,  hydraulic  separators  and  circular  slime- 
tables  were  put  in.  The  capacity  of  the  plant  was  thus  increased 
to  2000  tons  per  day. 

About  the  same  time  Mr.  Stahlmann  designed  a  new  mill, 
which  was  built  at  Carroll,  2  miles  from  the  old  works,  has  a 
daily  capacity  of  1750  tons,  and  may  be  described  as  follows  : 

Anaconda  Concentrator,  Carroll,  Montana. 

1.  Seven  receiving-bins  ;    thence  to  (2). 

2.  Seven  grizzlies,  l|^-inch  bars,  1-inch  spaces;  coarse  to 
(4) ;  fine  to  (3). 

3.  Seven  trommels,  y^g-ineh  round  holes,  perforated  steel ; 
coarse  to  (36)  ;  fine  to  (26). 

2>b.   Seven  elevators ;   thence  to  (4). 

4.  Seven  steam-stamps  (15  by  30-inch  cylinders,  90  strokes 
per  minute)  screen  -^-^  by  |-inch ;  thence  to  (5). 

5.  Twenty-eight  hydraulic  separators :  1st  spigot  to  (6) ; 
2d  to  (7) ;  3d  to  (8) ;  4th  to  (9) ;  overflow  to  (22a). 

6.  Twenty-eight  Collom  jigs,  4-  and  S-mesh  :  Ist  sieve-dis- 
charge to  (37);  2d  to  (37);  1st  sieve-hutch  to  (37);  2d  to  (37); 
tailings  to  (10). 


\ 
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7.  Twenty-eight  Colloin  jig's,   8-  and  10-iiiesli  :   1st  sieve- 
hutch  to  (37) ;  2d  to  (37) ;  tiiilings  to  (10). 

8.  Twenty-eight  Collom  jigs,  10-  and  12-mesh  :   1st  sieve- 
hutch  to  (37) ;    2d  to  (16) ;    tailings  to  waste. 

9.  Twenty-eight  Collom  jigs,  12- and  14-mesh  :  1st  sieve- 
hutch  to  (37) ;   2d  to  (16) :  tailings  to  waste. 

10.  Fourteen  settling-boxes :  spigots  to  (11) ;  overflow  used 
on  (17)  and  (18). 

11.  Fourteen  circular  jigs,  8-mesh  :  discharge  to  (12);  hutch 
to  (16) ;  tailings  to  waste. 

12.  Fourteen  Heberle  grinders;  through  10-mesh  to  (13). 

13.  Fourteen  hydraulic  separators  :  1st  spigot  to  (14) ;  2d 
to  (lo);  overflow  to  (22a). 

14.  Fourteen  No.  1  grinder  jigs,  10-  and  12-mesh :  1st  hutch 
to  (37) ;  2d  to  (31) ;  tailings  to  waste. 

15.  Fourteen  No.  2  grinder  jigs,  12-  and  14-me8h :  Ist  hutch 
to  (37) ;  2d  to  (34) ;  tailings  to  waste. 

-16.     Fourteen  hydraulic  separators:  1st  spigot  to  (17);  2d 
to  (18);  overflow  to  (22a). 

17.  Fourteen  No.  1  finishing-jigs,  12-  and  14-mesh:  1st 
hutch  to  (37);  2d  to  (19);  tailings  to  waste. 

18.  Fourteen  No.  2  finishing-jigs,  12-  and  14-mesli:  1st 
hutch  to  (37);  2d  to  (19);  tailings  to  waste. 

19.  Four  hydraulic  separators :  1st  spigot  to  (20) ;  2d  to 
(21) ;  overflow  to  waste. 

20.  Four  No.  1  final  finishing-jigs,  14-  and  14-mesh :  1st 
hutch  to  (37);  2d  to  (37);  taihngs  to  waste. 

21.  Four  No.  2  final  finishing-jigs,  14-  and  14-mesh;  1st 
hutch  to  (37);   2d  to  (37);  tailings  to  waste. 

22a.  Settling  tanks :  settlings  to  (23) ;  overflow  with  con- 
centrates. 

22b.  Settling  tanks :  settlings  to  (24) ;  overflow  with  con- 
centrates. 

22c.*  Settling  tanks :  settlings  to  (25) ;  overflow  with  con- 
centrates. 

23.  Forty-eight  slime-tables,  2  on  a  shaft,  21  feet  diameter, 
|-inch  pitch:  heads  to  (37);  tailings  to  waste;  middlings  to 
(22c). 

24.  Twenty  slime-tables,  1  on  a  shaft,  21  feet  diameter,  l- 
inch  pitch  :  heads  to  (37) ;  tailings  to  waste ;  middlings  to  (22c). 
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25.  T\ventj-four  slime-tables,  1  on  a  shaft,  21  feet  diameter, 
^-ineh  pitch  :  heads  to  (37) ;  tailings  to  waste. 

26.  Twelve  hydraulic  separators:  1st  spigot  to  (27);  2d  to 
(28) ;   3d  to  (29) ;  4th  to  (30) ;  overflow  to  (226). 

27.  Twelve  CoUom  jigs,  4-  and  8-mesh  :  1st  sieve-discharge  to 
(37) ;  2d  to  (37) ;  1st  hutch  to  (37) ;  2d  to  (37) ;  tailings  to  waste. 

28.  Twelve  Collom  jigs,  8-  and  10-mesh:  1st  sieve-discharge  to 
(37) ;  2d  to  (37) ;  1st  hutch  to  (37) ;  2d  to  (37) ;  tailings  to  waste. 

29.  Twelve  Collom  jigs,  10-  and  12-mesh  :  1st  sieve-hutch 
to  (37);  2d  to  (34);  tailings  to  waste. 

30.  Twelve  Collom  jigs,  12-  and  14-mesh :  1st  sieve-hutch 
to  (37);   2d  to  (34);  tailings  to  waste. 

31.  Six  hydraulic  separators  :  1st  spigot  to  (32) ;  2d  to  (33) ; 
overflow  to  settling-tanks. 

32.  Six  finishing-jigs,  12-  and  14-mesh:  1st  hutch  to  (37); 
2d  to  (19);  tailings  to  waste. 

33.  Six  finishing-jigs,  12-  and  14-mesh:  1st  hutch  to  (37); 
2d  to  (19) ;  tailings  to  waste. 

34.  Six  hydraulic  separators  :  1st  spigot  to  (35) ;  2d  to  (36) ; 
overflow  to  settling-tanks. 

35.  Six  finishing-jigs,  12-  and  14-mesh:  1st  hutch  to  (37); 
2d  to  (19) ;  tailings  to  waste. 

36.  Six  finishing-jigs,  12-  and  14-mesh  :  1st  hutch  to  (37)  ; 
2d  to  (19);  tailings  to  waste. 

37.  Great  concentrates-launder  to  (38). 

38.  First  concentrates  tank-house:  8  elevated  tanks,  12  by 
150  feet,  with  discharge-gates,  and  tracks  and  cars  to  smelter; 
overflow  to  (39). 

39.  Second  concentrates  tank-house  :  5  cement  tanks  on  the 
ground,  40  by  80  feet,  with  floor-tracks  for  cleaning  up  and 
shipping  sediment  to  smelter ;  overflow  to  (40a). 

40a.  Settling-pond,  or  lake :  sediment  to  smelter ;  overflow 
to  (406). 

406.  Settling-pond,  or  lake :  sediment  to  smelter ;  o\ferflow 
to  (40^). 

40c.  Settling-pond,  or  lake:  sediment  to  smelter;  overflow 
to  waste. 

Note. — In  the  foregoing  description,  by  "hatch"  is  meant  the  concentrates 
which  pass  througli  the  jig-screens,  and  by  "discharge,"  the  material  which  is 
taken  ofl  the  screens  either  on  tlie  sides  or  ends. 
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Since  the  above  notes  were  taken  changes  have  been  made, 
among  which  are  the  following : 

Ore  which  is  notably  soft  is  crushed  by  a  steam-stamp  hav- 
ing screens  with  |-incli  round  holes,  and  1-sieve  Harz  jigs  are 
used,  the  tailings  from  which  are  crushed  by  a  steam-stamp 
through  J-inch  round-hole  screens. 

Collom  jigs  have  been  substituted  for  the  circular  jigs. 

Cornish  rolls  are  now  used  instead  of  Heberle  grinders. 

The  Butte  Reduction-  Works^  Butte,  Montana. 
(Daily  capacity,  200  tons.) 

1.  Two-ore  bins,  100  tons  capacity :  thence  to  (2). 

2.  Grizzlies,  bars  |-inch  apart :  oversize  to  (3) ;  undersize 
to  (4). 

3.  Steam-stamp,  95  drops  per  minute,  screens  -j^-inch 
round  holes ;  thence  to  (6). 

4.  Trommel,  ^^-inch  round  holes :  oversize  to  (5) ;  under 
size  to  (6). 

5.  Harz  jig,  one-compartment,  2  by  3|  feet,  screens  4-mesh, 
No.  12  wire,  3|-inch  stroke  :  hutch  to  (11) ;  discharge  by  con- 
veyor to  (33) ;  tailings  to  (3). 

6.  Four  hydraulic  sizers  :  1st  spigot  to  (7) ;  2d  to  (8) ;  3d 
to  (9);  4th  to  (10);  overflow  to  (21). 

7.  Four  Collom  jigs,  2  sieves,  6-  and  8-mesh  ;  1st  sieve-dis- 
charge to  (30) ;  hutch  to  (30) ;  2d  sieve-discharge  to  (11) ;  hutch 
to  (30) ;  tailings  to  waste. 

8.  Four  Collom  jigs,  2  sieves,  10-  and  10-mesh  :  Ist  sieve- 
discharge  to  (30) ;  hutch  to  (30) ;  2d  sieve-discharge  to  (11) ; 
hutch  to  (19) ;  tailings  to  waste. 

9.  Four  Collom  jigs,  2  sieves,  10-  and  10-mesh :  1st  sieve- 
hutch  to  (30) ;  2d  to  (20) ;  tailings  to  waste. 

10.  Four  Collom  jigs,  2  sieves,  14-  and  14-mesh :  1st  sieve- 
hutch  to  (30) ;  2d  to  (20) ;  tailings  or  overflow  to  (27). 

11.  One  pair  of  16-by-30-inch  steel  rolls;  thence  to  (12). 

12.  Elevator;  thence  to  (13). 

13.  Trommel  (3  mm.) :  oversize  to  (11) ;  undersize  to  (14). 

14.  Trommel  (2|  mm.) :  oversize  to  (15) ;  undersize  to  (16). 

15.  Harz  jig,  3  compartments,  8-,  8-  and  10-mesh  :  1st  sieve- 
discharge  and  hutch  to  (30) ;  2d  to  (30) ;  3d  sieve-discharge  to 
(11) ;  3d  hutch  to  (19) ;  tailings  to  waste. 
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16.  Settling-tank:  2  spigots  to  (17);  overflow  to  (15) and  (18). 

17.  Hydraulic  sizer  :  spigot  to  (18);  overflow  to  (6). 

18.  Harz  jig,  3  compartments,  8-,  10-  and  lO-mesh :  Ist 
sieve-hutch  to  (30) ;  2d  to  (30) ;   3d  to  (19) ;  tailings  to  waste. 

19.  Two  Collom  jigs,  2  sieves,  10-  and  14-mesh :  1st  sieve- 
hutch  to  (30) ;  discharge  to  calciners ;  2d  sieve-hutch  to  (12) ; 
tailings  to  waste. 

20.  Two  Collom  jigs,  2  sieves,  14-  and  14-mesh :  1st  sieve- 
hutch  to  (30) ;   2d  to  (12). 

21.  Settling-tank :  settlings  bv  elevator  to  (22) ;  overflow  to 
(34). 

22.  Sizing-tank:  1st  spigot  to  (23) ;  2d  to  (24);  3d  to  (25); 
4th  to  (26). 

23.  Double-deck  Clark's  improved  riffled  table :  upper-deck 
concentrates  to  (30) ;  middlings  to  lower-deck ;  tailings  to 
waste.  Lower-deck  concentrates  to  (32);  middlings  to  (28) ; 
tailings  to  waste. 

24.  DoLible-deck  plane-table,  diameter  18  feet,  pitch  1|  inches 
to  1  foot.  Same  treatment  as  on  Clark's  table,  except  that  mid- 
dlings from  lower-deck  go  to  settling-tanks  before  going  to 
vanners  (29). 

25.  Double-deck  Clark  table,  same  as  (23). 

26.  Double-deck  plane-table,  same  as  (24). 

27.  One  Frue  vanner :  concentrates  to  calciners;  tailings  to 
waste. 

28.  One  Frue  vanner :  concentrates  to  calciners ;  tailings  to 
waste. 

29.  One  Frue  vanner  :  concentrates  to  calciners ;  tailings  to 
waste. 

30.  Elevator;  thence  to  small  bin ;  settlings  to  (31);  over- 
flow to  (5). 

31.  Ten  storage-bins,  300  tons :  overflow  to  tanks  for  settling 
fine  mineral ;  drainings  to  (30). 

32.  Tank  for  settling  slimes;  thence  to  calcining-furnaces. 

33.  Storage-  and  drainage-bin ;  thence  to  roasting-stalls. 

34.  Large  settling-ponds  :  settlings  to  smelter :  overflow  to 
waste. 

Note. — Alterations  now  being  made  in  the  mill-arrangements  will  affect  the 
classification  of  the  stamp-discharge  through  trommels  down  to  2J-millimeter 
size  ;  and  the  Evans  excentric-jigs  are  being  substituted  for  the  Collom  machines. 
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The  Pan-ot  Concentrator  of  the  Parrot  Silver  and  Copper 
Company^  Butte,  llontana. 

The  following  is  a  description  of  the  process  in  1893,  the 
capacity  being  300  tons.  The  mill  was  built  originally  for  150 
tons,  and  no  middlings  were  saved. 

1.  Ore-bin,  thence  to  (2). 

2.  Blake  crusher,  9  by  15  inches;  theilce  to  (3). 

3.  Elevator  No.  1 ;  thence  to  (4). 

4.  Trommel  No.  1  (|-ineh  holes):    oversize  to  (5);    tinder- 
size  to  (9). 

5.  Blake  crusher,  7  by  10  inches;  thence  to  (6). 

6.  Bolls  No.  1  (15  by  30  inches);  thence  to  (7). 

7.  Rolls  No.  2  (same  size) ;  thence  to  (8). 

8.  Horizontal  carrying-belt  (14  inches) ;  back  to  (3). 

9.  Trommel  No.  2  (|-inch  holes):  oversize  to  (10);  uuder- 
size  to  (11). 

10.  Jig  No.  1  (in  duplicate),  2  compartments,  4-mesh ;  all 
concentrates :  discharge  to  (51) ;  overflow  to  (26). 

11.  Trommel  No.  3  (^-iuch  holes):  oversize  to  (12);  under- 
size  to  (13). 

12.  Jig  No.  2  (in  duplicate),  3  compartments,  3-megh;  all 
concentrates :  hutch  to  (51) ;    overflow  to  (26). 

13.  Trommel  No.  4  (|-inch  holes):  oversize  to  (14);  under- 
size  to  (15). 

14.  Jig  No.  3  (in  duplicate),  3  compartments,  5-mesh ;  all 
concentrates:  hutch  to  (51);  overflow  to  (30). 

15.  Hydraulic  sizer,  3  divisions:  drawn  oflfto  (16),  (17),  (18), 
(19),  and  (20) ;  overflow  from  3d  division  to  (21). 

16.  Jig  No.  4  (in  duplicate),  5-mesh,  supplied  from  1st  divis- 
ion (15),  2  compartments  concentrates,  3d  compartment  mid- 
dhngs:    hutch  to  (51);   middlings  to  (30);    waste   overflow  to 

17.  Jig  No.  5  (in  duplicate),  supplied  from  2d  division  (15); 
2  compartments  concentrates,  5-mesh ;  3d  compartment,  mid- 
dlings, S-mesh :  hutch  to  (51) ;  middlings  to  (30)  ;  waste  over- 
flow to  (53). 

18.  Jig  No.  6  (in  duplicate),  supplied  from  3d  division  (15), 
4  compartments,  8-mesh;  last  compartment,  middlings,  whicli 
are  shoveled  back :  hutch  to  (51) ;  waste  overflow  to  (53). 

19.  Jig  No.  7  (in  duplicate),  supplied  from  3d  division  (15), 
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4  compartments,  10-mesh ;  last  compartment,  middlings,  which 
are  shoveled  back:  hutch  to  (51);  waste  overflow  to  (53). 

20.  Jig  No.  8  (in  duplicate),  supplied  from  3d  division  (-15), 
4  compartments,  14-me8h ;  last  compartment,  middlings,  which 
are  shoveled  back :  hutch  to  (51) ;  waste  overflow  to  (53). 

21.  Five  spitzlutten  :  drawn  oft'  to  (22) ;  overflow  to  (23). 

22.  Ten  vanners  (5  Frue,  3  5-foot  Tulloch,  and  2  4-foot  Tul- 
loch) :  concentrates  shoveled  out ;  waste  overflow  to  (53). 

23.  Large  settling-tank  for  de-watering :  drawn  off"  to  (24) ; 
overflow  to  (25). 

24.  Four  vanners  (2  Frue  and  2  Embrey) :  concentrates 
shoveled  out;  waste  overflow  to  (53). 

25.  Outside  settling-tanks  :  settlings  raw  into  reverberatories. 

26.  Launder  No.  1 ;  thence  to  (27). 

27.  Elevator  No.  2  ;  thence  to  (28). 

28.  Rolls  No  3  (15  by  30  inches);  thence  to  (29). 

29.  Elevator  No.  3 ;  back  to  (9) . 

30.  Launder  No.  2  ;  thence  to  (31). 

31.  Elevator  No.  4;  thence  to  (32). 

32.  Rolls  No.  4  (15  by  30  inches);  thence  to  (33). 

33.  Trommel  No.  5  (^-inch  holes) :  oversize  to  (34) ;  under- 
size  to  (35). 

34.  'Rolls  No.  5  (15  by  30  inches);  thence  also  to  (35). 

35.  Elevator  No.  5  ;  thence  to  (36). 

36.  First  hydraulic  sizer  of  middlings :  drawn  off  to  (37), 
(38),  and  (39) ;   overflow  to  (44). 

37.  Middlings-jig  No.  1  (in  duplicate) ;  2  compartments,  con- 
centrates, 3d,  middlings,  6-mesh :  hutch  to  (51);  middlings  to 
(40) ;  waste  overflow  to  (53). 

38.  Jig  No.  2  (in  duplicate):  same  as  (37),  and  same  disposi- 
tion. 

39.  Jig  No.  3  (in  duplicate) :  8-mesh,  same  as  (37),  and 
same  disposition. 

40.  Launder  No.  3  ;  thence  to  (41). 

41.  Elevator  No.  6 ;  thence  to  (42). 

42.  Launder  No.  4 ;  thence  to  (43). 

43    Rolls  No.  6  (15  by  30  inches);  back  to  (33). 

44.  Second  hydraulic  sizer:  drawn  oft* to  (45),  (46),  (47),  and 
(48) ;  overflow  to  (49). 

45.  Jig  No.  4  (in  duplicate),  2  compartments,  concentrates, 
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3a,miaaiings,8-me8h:  hutch  to  (51);  middlings  to  (35);  waste 
overtlow  to  (53). 

46.  Jig  No.  5  (in  duplicate),  10-mesh,  same  as  (45) :  same  dis- 
position. 

47.  Jig  No.  6  (in  duplicate),  3  compartments,  concentrates, 
4th,  middlings,  14-niesh :  hutch  to  (51);  middUngs  to  (35); 
waste  overflow  to  (53). 

48.  Jig  No.  7  (in  duplicate),  2  compartments,  concentrates, 
3d,  middlings,  14-mesh:  hutch  to  (51);  middlings  to  (35); 
waste  overflow  to  (53). 

49.  Two  spitzlutten  :  drawn  oif  to  (50) ;  overflow  to  (25). 

50.  Two  Embrey  vanners :  concentrates  shoveled  out ;  waste 
overflow  to  (53). 

51.  Launder  No.  5,  for  concentrates;  thence  to  (52). 

52.  Elevator  No.  7,  for  concentrates;  to  trommel  (i-incli 
holes) :  oversize,  raw  to  blast-furnace ;  water  with  undersize  to 
storage-bins. 

53.  Launder  No.  6,  for  tailings  :  thence  to  (54). 

54.  Three  elevators,  Nos.  8,  9  and  10 ;  to  tailings-dump  by 
launder. 

Note.— In  place  of  (4),  a  6-foot  trommel  with  |-inch  holes, 
there  has  been  substituted  a  trommel  9  feet  in  length  with 
|-inch  holes  for  the  last  3  feet. 

The  jigs  handling  the  coarse  material  are  fltted  with  an  im- 
proved jig-excentric,  the  invention  of  Mr.  Hermann  A.  Keller. 

This  company's  new  plant  at  Whitehall,  Montana,  will  be 
arranged  in  two  divisions  with  a  total  capacity  of  700  tons. 

Practically  the  same  system  will  be  used :  crushing  through 
rock-breakers  and  rolls,  followed  by  trommels  as  far  as  practi- 
cable, that  is,  to  -ir-'^nch.  Below  that  size  hydraulic  separators 
will  be  employed,  the  sand  going  to  fine  jigs,  and  the  slimes  to 
vanners. 

The  Butte  and  Boston  Concentrator,  Butte,  Montana. 
(Daily  capacity,  600  tons.) 
The  following  is  a  description  of  the  practice  in  1894: 

1.  Two  ore-bins,  200  tons  capacity  each ;  thence  to  (2). 

2.  Two  9-by-15-inch  Blake  crushers;  thence  to  (3A). 

3.  Two  trommels. 


618       CONCENTRATION  OF  ORES  IN  THE  BUTTE  DISTRICT,  MONTANA. 

A.  Ist  half,  30  by  48  inches,  IJ-inch  mesh:  oversize  to 

(3B) ;  undersize  to  (7A). 

B.  2d  half,  30  by  48  inches,  2|-inch  mesh  ;  oversize  to  (5) ; 

undersize  to  (4). 

4.  Two  1-compartment  jigs,  speed  140  revolutions,  stroke 
3 J  to  5  inches ;  hutch  to  (6) ;  discharge  (from  top  of  screen  only) 
to  (32) ;  tailings  to  (5). 

5.  Two  4  by  10-inch  Blake  crashers;  thence  to  (6). 

6.  Two  elevators,  speed  350  feet  per  minute,  10  by  5  by  6- 
ineh  buckets,  12  inches  apart;  thence  to  (7 A). 

7.  Two  trommels, 

A.  1st  half,  loj  mm. ;  oversize  to  (7B) ;  undersize  to  (11). 

B.  2d  half,  1|  inches;  oversize  to  (10) ;  undersize  to  (8). 

8.  Two  elevators ;  thence  to  (9). 

9.  Two  1-compartment  jigs,  speed  140  revolutions,  stroke  2i 
to  4  inches;  hutch  to  (11);  discharge  (from  top  of  screen  only) 
to  (33);  tailings  to  (10). 

10.  Two  pairs  of  rolls,  16  by  30  inches, speed  38  revolutions; 
thence  to  (6). 

11.  Elevator,  same  size  and  speed  as  (6);  thence  to  (12). 

12.  Four  trommels,  36  by  60  inches,  8 J  mm.;  oversize  to 
(13j;. undersize  to  (15). 

13.  Four   1-compartment  jigs;   hutch  to  (11);  discharge  to 
(29);  tailings  to  (14). 

14.  Two  pairs  of  rolls,  15   by  26  inches;  speed  40  revolu- 
tions; thence  to  (11). 

15.  Four  trommels,  36  by  60  inches,  4|  mm.;  oversize  to 
(16);  undersize  to  (17). 

16.  Four  3-compartment  jigs;   hutch  to  (29);   discharge  to 
(29) ;  tailings  to  (23). 

17.  Four  2-compartment  hydraulic  separators;   1st  spigot  to 
(18);  2d  spigot  to  (19);  overflow  to  (20). 

18.  Four  3-compartment  jigs;  hutch  to  (29);  discharge  to 
(29) ;  tailings  to  (23). 

19.  Four  3-compartment  jigs;   hutch  to  (29);   discharge  to 
(29) ;  tailings  to  (23). 

20.  Two  2-compartment  hydraulic  separators;  1st  spigot  to 
(21);  2d  spigot  to  (22);  overflow  to  (26). 

21.  Four  4-compartment  jigs;  hutch  to  (29);   no  discharge; 
tailings  to  (23). 
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22.  Four  4-compartment  jigs ;  hutch  to  (29) ;  no  discharge ; 
tailings  to  (23). 

23.  Four  Huntington  mills,  5-feet  diameter,  speed  70  revolu- 
tions, 12|  mm.  by  2 J  mm. ;  thence  to  (24). 

24.  Two  1-compartment  hydraulic  separators ;  spigot  to  (25) ; 
overflow  to  (20). 

25.  Six  4-compartment  jigs;   hutch  of  first  three  sieves  to 
(31);  hutch  of  last  sieve  to  (28);  tailings  to  waste. 

26.  Four  V-settling-tanks,  16  feet  long,  69  inches  deep;   set- 
tlings to  (27) ;  overflow,  if  any,  to  waste. 

27.  Twenty  Frue  vanners,  4  feet  wide ;  concentrates  to  (31) ; 
tailings  to  waste. 

28.  Elevator;  thence  to  (25). 

29.  Double  elevator  (two  10-inch  belts,  400  feet  per  minute, 
10-inc'h  buckets,  12  inches  apart) ;  thence  to  (30). 

30.  Four  bins  for  storing  and  draining  concentrates  (200  tons 
each) ;  thence  to  calciners. 

31.  Elevator  (10-inch   belt,    400    feet   per   minute,    10-inch 
buckets,  12  inches  apart);  thence  to  (29). 

32.  Two  storage-bins ;  thence  to  calciners. 

33.  Two  storage-bins ;  thence  to  calciners. 

The  Colorado  Concentrator  of  the  Colorado  Smelting  and  3Iinmg 
Company,  Butte,  Montana. 

(Daily  capacity,  300  tons.) 

The  following  is  a  description  of  the  process : 

1.  Ore-bin,  about  300  tons  capacity ;  thence  to  (2). 

2.  Blake  crusher,  9  by  15  inches;  thence  to  (3). 

3.  Elevator  (in  duplicate),  14-inch  belt;  thence  to  (4). 

4.  Trommel  (in  duplicate),  20  mm.,  |-inch  perforated  steel; 
oversize  to  (5) ;  undersize  to  (6). 

5.  Two  Blake  crushers,  7  by  10  inches;  thence  to  (7). 

6.  Trommel  (in  duplicate),  7  mm.,  |-inch  perforated  steel ; 
oversize  to  (6a);  undersize  to  (9). 

6«.  Two  jigs,  1  sieve  each,  4-mesh,  stroke  2-inch,  speed  140 
revolutions;  hutch  by  sluice  to  (17);  end-discharge  to  (66-);  tail- 
ings to  (8). 

66.  Rolls,  14  by  27  inches;  thence  to  (25). 

7.  Two  sets  of  rolls,  16  by  30  inches;  thence  to  (3). 
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8.  One  set  of  rolls,  16  by  30  inches ;  thence  to  (3). 

9.  Trommel  (in  duplicate),  4i  mm.,  ^s^jnch  perforated  steel; 
oversize  to  (10);  undersize  to  (11). 

10.  Two  jigs,  3  compartments,  3-mesh,  190  strokes;  hutch 
to  (25);  discharge  to  (25);  tailings  to  (17). 

11.  Trommel  (in  duplicate),  3  mm.,  ^inch  perforated  steel; 
oversize  to  (12) ;  undersize  to  (13). 

12.  Four  jigs,  3  compartments,  6-mesh,  210  strokes;  hutch 
to  (25);  discharge  to  (25);  tailings  to  (17). 

13.  Two  hydraulic  separators,  4  compartments;  settlings  of 
all  divisions  to  (14);  overflow  to  (15). 

14.  Six  jigs,  3  compartments,  10-mesh,  230  strokes;  hutch 
to  (25);  end-discharge  to  (17);  side-discharge  to  (25);  tailings 
(waste)  to  (24). 

15.  V-tank;  settlings  to  (16);  no  overflow. 

16.  Sixteen  Frue  vanners :  concentrates  to  (25);  tailings  to 
waste. 

17.  Un watering  trommel,  2  J  mm. :  oversize  to  (19) ;  under- 
size, with  water,  to  (18). 

18.  Settling-tank:  settlings  to  (19);  overflow  to  (24). 

19.  Rolls,  16  by  30  inches;  thence  to  (20). 

20.  Elevator,  12-inch  belt;  thence  to  (21). 

21.  Trommel,  2^  mm.:  oversize  back  to  (19) ;  undersize  to  (22). 

22.  Hydraulic  separator,  1  compartment:  settlings  to  (23); 
overflow  to  (15). 

23.  Four  jigs,  3  compartments,  10-mesh  :  hutch  to  (25) ;  end- 
discharge  to  (17) ;  side-discharge  to  (25) ;  tailings  (waste)  to  (24). 

24.  Elevator,  20-inch  belt ;  thence  through  sluices  or  launder 
to  tailings-dump. 

25.  Elevator,  12-inch  belt;  thence  to  (26). 

26.  Thirteen  storage-bins,  100  tons  each :  concentrates  in 
cars  to  smelter,  overflow  and  drainage  to  settling-tanks. 

Scheme  for  Getting  Additional  Saving  from  Jig-  Tailings. 
(Rejected  for  reasons  stated  on  page  628, ) 

Tailings  from  (14)  and  (23)  to  (27). 

27.  Settling-tank :  settlings  to  (28) ;  overflow  to  (24). 

28.  Elevator,  12-inch  belt,  lO-by-7-inch  buckets,  36^  feet  be- 
tween shafts;  thence  to  (29). 
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29.  Two  trommels,  1  mm.:  oversize  to  (30);  undersize  to 
(31). 

30.  Rolls,  16  by  80  inches,  76  revolutions ;  thence  to  (28). 

31.  Settling-tank  :  settlings  to  vanners. 

The  new  Colorado  concentrator  was  finished  in  the  spring  of 
1892,  and  as  it  is  the  most  recently  constructed  concentrating- 
plant  in  the  Butte  district,  its  machinery  and  equipment  are  de- 
scribed more  particularly,  as  follows  : 

The  power-arrangements  include  three  54-ineh  by  16-feet 
boilers,  which  are  fed  by  a  3-plunger  pump,  made  by  Wm. 
Baragwanath  &  Sons,  Chicago,  and  a  Korting  injector  is  used 
whenever  repairs  are  necessary  on  the  pump.  The  fuel  is 
"  slack  "  from  the  Rock  Springs  coal-mines  in  Wyoming,  which 
costs  $3.50  per  ton  in  Butte.  Its  quality  is  shown  by  the  fol- 
lowing analysis : 

Per  cent. 

Moisture, 4.00 

Volatile, 37.00 

Carbon, 52.40 

Ash, 6.60 

100.00 

A  tandem  compound  condensing  Corliss  engine,  with  high- 
pressure  cylinder  14  inches  in  diameter,  low-pressure  24  inches 
and  42  inches  stroke,  furnishes  the  power.  The  water  used  in 
condensing  passes  from  the  surface  condenser  under  a  pressure 
from  the  tank  at  the  top  of  the  mill-building  sufficient  to  re- 
turn it  to  another  tank  in  the  mill,  which  supplies  the  water  re- 
quired for  the  jigs  and  vanners.  The  condensed  water  is  used 
for  boiler-feed  and  is  raised  in  temperature  from  75  to  135  de- 
grees by  passing  through  a  heater,  through  which  the  exhaust 
of  the  engine  passes  on  its  way  to  the  condenser.  The  indi- 
cated horse-power  of  the  engine,  when  the  mill  is  treating 
the  hardest  ores,  at  the  rate  of  218  tons  p§r  day  day,  is  177, 
while  on  the  softer  ores  it  has  shown  as  low  as  171  horse- 
power for  376  tons  per  day.  These  figures  will  convey  an  idea 
of  the  variations  in  cost  of  concentrating  different  ores  of  the 
district. 

Besides  running  the  entire  mill-machinery,  as  described,  the 
engine  drives  an  80-kilowatt  (100  horse-power)  generator,  made 
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bv  the  C.  &  C.  Electric  Motor  Co.  of  Xew  York,  runnino:  640 
revolutions  and  developing  .500  volts,  62  amperes.  The  cur- 
rent is  carried  2800  feet  through  a  Xo.  2  wire  to  a  65  horse- 
power C.  &  C,  electric  motor,  running  600  revolutions  and 
belted  to  a  counter-shaft,  from  which  belts  drive  the  two  ends 
of  a  Roots  rotary  pump,  ISTo.  5,  throwing  10  gallons  per  revo- 
lution to  a  height  of  90  feet  and  through  2800  feet  of  10-inch 
wooden  pipe.  This  pipe  was  made  by  boring  out  logs  and 
banding  them  spirally  with  1-inch  Xo.  22  iron.  It  is  covered 
with  a  mixture  of  asphalt  and  sawdust.  In  explanation  of  the 
use  of  wooden  pipe,  it  should  be  said  that  the  corrosive  mine- 
waters  of  Butte  are  discharged  into  the  stream  which  furnishes 
the  supply  for  the  mill,  and  iron  pipe  would  not  long  withstand 
the  action  of  the  acids. 

The  amount  of  water  required  for  the  concentrator  is  about 
600  gallons  per  minute,  and  with  this  quantity  there  is  no 
overflow  from  the  vanner  feed-tanks,  or,  in  other  words,  no 
untreated  material  leaves  the  mill — every  particle  of  ore  which 
enters  the  mill  is  given  a  chance  to  be  saved  either  by  jigs  or 
vanners. 

Life  of  Hoots'  Rotary  Pump. — As  numerous  inquiries  have 
been  made  regarding  this  machine,  some  facts  in  its  history  are 
here  given.  It  was  made  by  the  P.  H.  &  F.  M.  Roots  Co., 
Connersville,  Ind.,  and  embodies  the  principles  of  the  Roots 
blower,  manufactured  by  the  same  company. 

When  the  pump  above  mentioned  was  started  it  would  throw 
10  gallons  of  water  per  revolution,  under  a  head,  as  shown  by 
indicator,  of  46  pounds,  and  in  driving  it  60  revolutions  per 
minute  the  horse-power  required,  as  calculated  from  volts  and 
amperes,  was  27|-.  After  being  in  ser\'ice  672  days,  and  hav- 
ing pumped  about  600,000,000  gallons,  the  pump  was  so  badly 
worn  that  it  would  only  throw  3.9  gallons  per  revolution,  and 
the  horse-power  required  to  drive  it  115  revolutions  per  minute 
was  51.  The  "  case,"  "  pistons  "  and  shafts  were  then  replaced 
by  new  ones,  at  a  cost  of  $872.00,  and  the  case  was  sent  back 
to  the  manufacturer,  to  be  bored  out,  and  have  new  pistons 
titted  to  it,  after  which  it  was  returned  and  held  in  reserve.  It 
should  be  added  that  the  life  of  the  pump  was  much  shortened 
by  acid  water  and  by  the  silt  contained  in  it  during  the  spring 
ruonths. 


CONCENTRATION  OF  ORES  IN  THE  BUTTE  DISTRICT,  MONTANA.       623 

Appliances  for  Crushing  Tailings  or  3IiddUngs. 

In  the  Butte  mills  we  find  Cornish  rolls,  Huntington  mills, 
Heberle  grinders  and  stamps  in  use  for  crushing  tailings  and 
middlings;  but  we  are  only  able  to  compare  Huntington  mills 
with  steel  rolls  for  doing  this  work. 

At  the  Butte  and  Boston,  where  Huntington  mills  are  em- 
ployed, the  cost  is  8.8  cents  per  ton  of  tailings  treated,  not  in- 
cluding the  cost  of  power.  Good  judgment,  however,  is  re- 
quired to  get  satisfactory  results  from  these  mills.  If  a 
concentrating-plant  is  to  be  equipped  with  them,  it  is  neces- 
sary :  first,  since  repairs  have  to  be  made  frequently,  to  put  in 
at  least  one  more  mill  than  is  required  for  the  actual  amount  of 
material  to  be  crushed ;  and  secondly,  to  be  sure  that  ample  ca- 
pacity is  provided.  Any  overcrowding  of  the  mill  causes  the 
shoes  or  rolls  to  slip  when  they  should  roll  against  the  ring  or 
die ;  and  the  result  is  that  the  circular  form  of  the  rolls  is  soon 
lost  and  the  efiSciency  reduced.  Moreover,  it  must  be  borne 
in  mind  that  the  action  of  the  machine  has  a  tendency  to  drive 
the  material  against  its  periphery,  and  hence  the  grains  strike 
the  screens,  in  passing,  at  a  very  acute  angle.  If  it  has  been 
determined  that  no  grains  of  mineral  or  quartz  of  larger  di- 
ameter than  yL-inch  should  leave  the  mill,  it  is  not  necessary 
to  put  on  screens  having  ^-inch  holes ;  -|^-inch  screens  will  ob- 
tain the  desired  result.  The  screens  in  the  Huntington  mills 
of  the  Butte  and  Boston  Co,  have  slots,  2|  by  12^  millimeters 
in  diameter,  with  the  longest  dimension  horizontal. 

At  the  Colorado  concentrator,  where  Cornish  rolls  with  steel 
shells  are  employed,  the  cost  per  ton  of  tailings  treated  is  4.6 
cents,  including  all  expenses  for  screens,  elevators,  rolls,  shells, 
etc,  but  not  including  power.  The  relative  cost  of  power  in 
the  Huntington  mills  and  the  Cornish  rolls  has  not  been  deter- 
mined; but  the  difference,  if  any,  could  hardly  amount  to  4.2 
cents  per  ton  in  favor  of  the  mills,  and,  therefore,  the  figures 
given  are  strongly  in  favor  of  rolls  for  economical  crushing. 

Losses  in  Jig- Tailings. 

In  ores  like  the  Gagnon,  where  the  quartz  ganguQ  is  im- 
pregnated with  silver-  and  copper-bearing  minerals,  it  was  to 
be  expected  that  jig-tailings  would  carry  off"  a  high  percentage 
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of  the  values  of  the  original  ore,  even  after  crushing  and  re- 
treating the  coarser  jig-tailings  and  middlings,  and  alloAving  no 
grains  of  quartz  larger  than  J^-inch  in  diameter  to  leave  the 
mill ;  but  the  difference  between  the  jig-tailings  and  vanner- 
tailings  was  so  marked  that  eflbrts  have  been  made  at  the 
Colorado  concentrator  to  recover  a  part  of  the  mineral  values 
which  were  escaping  from  the  jigs.  The  difference  between 
jig-  and  vanner-tailiugs,  as  shown  by  the  average  for  one  month, 
is  as  follows : 

Silver,  Copper, 

oz.  per  ton.       per  cent. 

Jig-tailings,  July,  1892, 2.86  1.64 

Vanner-tailings,  July,  1892, 1.6  1.00 

Samples  of  these  jig-tailings  were  sent  to  Mr.  Richard  Pearce 
for  tests  on  a  vanning-shovel,  and  the  results  of  two  tests,  after 
crushing  the  material  fine  enough  to  pass  through  a  50-mesh 
screen,  were  as  follows : 


Concentrates. 

Tailings.      Saved  in  C 

'oncentr 

Silver. 

Copper. 

Gangue. 

Silver.  Copper.     Silver. 

Copper 

Test 

Tons 

Ounces 

Per 

Per 

Ounces     Per           Per 

Per 

No. 

into  1. 

per  ton. 

cent. 

cent. 

per  ton.    cent.         cent. 

cent. 

1. 

9.523 

14.6 

8.9 

36.4 

1.3        .83      '  53.6 

57.0 

2. 

11.588 

18.0 

10.8 

27.4 

56.84 

54.31 

These  figures  showed  that  if  the  jig-tailings  of  the  mill, 
which  amounted  to  123  tons  per  day,  could  be  crushed  fine 
enough  for  treatment  on  vanners,  about  12  tons  of  concentrates 
would  be  added  to  the  product,  which  would  sell  to  the  smelters 
for  |6.00  or  $8.00  per  ton.  On  a  basis  of  10  tons  into  1  this 
crushing  and  vanning  would  therefore  have  to  be  done  for  less 
than  60  cents  per  ton  of  jig-tailings  in  order  to  yield  a  profit 
to  the  mine.  Before  putting  in  any  machinery  for  the  treat- 
ment of  the  material  a  sample  was  sifted  through  screens  of 
different  sizes  and  the  several  siftings  were  assayed.  First,  a 
40-mesh  screen  was  used,  and  the  following  are  the  results  of 
this  division : 


Per  cent. 

Assay. 

Silver.           Copper. 

Oz.  per  ton.       Per  cent. 

On  40-mesh  screen, 

.       69.83 

2.10             1.32 

Through  40-mesli  screen,    . 

.       30.17 

4.10             2.01 

100.00 
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This  sliowed  that  material  contaiiiiiiju^  45|  per  cent,  of  the 
silver  and  39|  per  cent,  of  the  copper  lost  in  jig-tailings  was 
already  fine  enough  for  treatment  on  vanners  without  further 
crushing,  and  we  may  remark  in  passing  that  it  also  shows  the 
imperfections  of  the  hydraulic  sizing,  for  this  40-mesh  material 
should  have  gone  on  with  the  slimes  instead  of  going  to  the 
jigs,  but  having  gone  to  the  jigs  it  was  floated  off  with  the 
tailings.  The  results  of  a  further  division  by  sifting  will  be  of 
interest. 

Assay  before  sifting:  silver,  2.7  oz.  per  ton;  copper,  1.65 
per  cent. 


Assay. 

Silver. 

Copper. 

Screen 

Per  cent. 

Oz.  per  ton. 

Per  cent. 

On  10-niesh,    . 

.       3.9 

3.0 

1.5 

Through  10  on  20, 

.     12.65 

2.5 

1.2 

(( 

20  on  40, 

.     45.80 

2.2 

1.37 

(( 

40  on  60, 

. 

■18.90 

2.4 

1.55 

(( 

60  on  80, 

37.65- 

10.00 

2.4 

1.72 

<( 

80  on  100, 

, 

4.05 

3.0 

1.85 

<( 

100, 

. 

L  4.70 

7.0 

4.00 

The  problem  to  be  solved  may  therefore  be  summed  up  as 
follows :  Given  123  tons  per  day  of  jig-tailings,  containing 
about  2|  ozs.  of  silver  per  ton  and  1.65  per  cent,  of  copper, 
and  carried  along  Avith  500,000  gallons  of  water,  or  about  17 
tons  of  water  to  1  ton  of  tailings,  to  eliminate  the  water  and 
that  portion  of  the  material  (amounting  to  about  40  tons), 
which  is  already  fine  enough  for  vanner-treatment,  settle  these 
slimes  and  run  them  over  vanners,  crush  the  sand  and  work 
this  stuft'  also  on  slime-machines.  Appliances  for  this  purpose 
were  introduced  at  the  Colorado  concentrator,  and  the  scheme 
is  shown  in  the  description  of  that  plant  on  a  preceding  page. 

It  was  not  intended  to  provide  enough  machinery  for  the 
treatment  of  the  entire  amount  of  tailings,  l)ut  to  experiment 
with  a  part  of  it  first.  To  separate  the*  portion  which  was 
already  fine  enough  for  treatment  on  vanners  from  the  coarse 
grains,  hydraulic  sizing  was  tried  with  unsatisfactory  results ; 
perforated  steel  trommels  were  used  with  1-mm.  round  holes, 
but  the  screens  soon  became  "  blind,"  and  all  eftbrts  to  keep 
the  holes  clear,  either  by  jets  of  water  or  by  automatic  ham- 
mering or  jarring,  proved  impracticable. 
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The  experiment  demonstrated  that  the  crushing  could  be 
done  with  rolls,  and  that  if  the  40  tons  of  slime  material,  with 
the  excess  of  water,  could  be  eliminated  the  remainder  of  the 
jig-tailings  could  be  crushed  to  the  fineness  required  for  van- 
ner-work  by  two  sets  of  rolls,  but  the  separation  of  the  water 
and  slimes  remains  an  unsolved  problem. 

The  form  of  hydraulic  sizer  from  which  the  above  sifting- 
tests  were  made  is  shown  in  Fig.  1. 

In  the  belief  that  one  sizer  of  this  kind  was  overcrowded, 
another  one  of  the  same  form  was  used,  and  the  work  was 
divided  between  the  two,  but  the  percentage  of  material  pass- 
ing through  a  40-mesh  screen  remained  about  the  same — with 
the  disadvantage  of  having  increased  the  volume  of  material 
to  be  settled  in  the  vanner  feed-tanks. 

Then  an  Evans  classifier,  as  described  by  Prof.  Monroe  in 
Trans.,  xxii.,  648,  was  substituted  for  one  of  these  sizers,  and 
sifting-tests  of  the  spigot-discharges  from  the  two  difierent 
sizers  were  compared.  The  separation  was  no  better  with  the 
Evans  than  with  the  other  form  of  classifier. 

Investigating  still  further  the  imperfections  of  hydraulic  siz- 
ing, a  sifting-test  was  made  on  jig-tailings  from  the  Butte  and 
Boston  mill  when  running  on  ore  from  the  Gray  Eock  mine. 
Another  form  of  hydraulic  separator  was  used  (see  Fig.  2),  but 
the  ore  was  of  the  silver-copper  class,  like  that  from  the  Gagnon. 

Assay. 


Silver. 

Copper. 

Per  cent. 

Oz.  per  ton. 

Per  cent 

Sample  of  Gray  Rock  tailings, 

2.85 

1.41 

On  10-mesh,  . 

. 

.       2.26 

2.60 

.86 

Through  10  on  20-mesh, 

.     17.56 

2.60 

1.21 

"       20  on  40 

a 

.     46.06 

2.36 

1.13 

"       40  on  60 

(I 

^16.36 

2.28 

1.13 

"       60  on  80 

(( 

34.11- 

8.37 

2.00 

1,16 

"       80  on  100 

a 

4.16 

2.00 

1.35 

"     100 

(I 

.   5.22 

3.44 

2.68 

99.99 


It  will  be  seen  that  34.11  per  cent,  of  the  jig-tailings  should 
have  passed  on  from  the  hydraulic  sizer  to  the  vanners. 

From  the  following  results  it  will  be  seen  that  the  losses  in 
jig-tailings  are  also  considerable  on  the  copper-silver  ores : 
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Silvei'  Boil 

J. 

Assay 

Silver. 

Copper. 

Per  cent. 

Oz.  per  ton. 

Per  cent 

Original  samples, 

. 

1.32 

1.07 

OnlO- 

mesh, 

4.84 

.96 

.81 

Throu 

gh  10  on   20,      . 

.       18.07 

.96 

.83 

(1 

20  "    40,      . 

.       37.08 

1.08 

.98 

(( 

40  "    60,      . 

'  17.24 

1.20 

.99 

II 

60  "    80,      . 

39.95  - 

10.23 

1.12 

.93 

II 

80  "  100,     . 

5.59 

1.28 

1.07 

II 

ICO, 

. 

6.89 

2.08 

1.98 

99.94 


Parrot. 


Assay. 


Original 

sanr 

Pl 

es. 

On  10-m 

esh, 

Through 

10 

on 

20,     . 

II 

20 

II 

40,     . 

II 

40 

II 

60,     . 

II 

60 

II 

80,     . 

II 

80 

II 

100,     . 

II 

100, 

Silver. 

Copper. 

Per  cent. 

Oz.  per  ton. 

Per  cent 

.80 

1.05 

.       11.04 

.68 

.98 

.       23.72 

.84 

.84 

.       36.64 

.70 

.75 

. 

'  12.67 

.32 

.69 

7.48 

.66 

.87 

28.57  ■ 

3.90 

1.20 

1.00 

,                 , 

4.52 

1.87 

1.50 

99.97 

Percentage  through  40-mesh  screen  :  Of  Silver  Bow  tailings,  39.95. 
"  "  "  "        Of  Parrot  tailings,  28.57. 

Mr.  Richard  Pearce  made  a  vainiing-test  on  a  sample  of  Sil- 
ver Bow  jig-tailings,  and  the  following  results  show  that  this 
material  is  worthy  of  farther  treatment,  if  the  obstacles  above 
described  can  be  removed. 

The  sample  assayed  1.1  ounces  silver  and  1.32  per  cent,  cop- 
per, and  it  was  found  that  19.42  per  cent,  of  it  would  pass 
through  a  40-mesh  screen;  but,  preparatory  to  the  vanning- 
test,  the  whole  sample  was  worked  through  a  60-mesh  screen. 
On  the  vanning-shovel  100  grammes  gave  10.650  grammes  of 
concentrates  assaying  7.4  ounces  silver  and  9.17  per  cent,  cop- 
per and  containing  15.7  per  cent,  of  silica  or  insoluble  residue, 
showing  a  saving  of  71.64  per  cent,  of  the  silver  and  73.98  per 
cent,  of  the  copper.  The  tailings  from  the  shovel  assayed  0.35 
per  cent,  copper ;  silver  not  determined. 

Extending  our  inquiries  outside  of  Butte,  we  find  that  in  tke 
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treatment  of  the  silver-lead  ores  of  the  Cceur  d'Alene  region 
in  Idaho  considerable  losses  are  sustained  in  jig-tailings.  The 
follo's^'ing  results  of  vanning-tests  made  by  Mr.  Pearce  on  this 
material,  from  one  of  the  mills  in  that  district,  will  be  of  in- 
terest. The  equipment  of  the  mill  includes  rock-breakers, 
crushing-rolls,  hydraulic  separators,  Collom  jigs  and  circular 
slime-tables. 

Idaho  Jig-  Tailings. 


Sample, 
Sizing, 

. 

. 

, 

Per  cent. 

Silver. 

Oz.  per  ton. 

3.1 

Assay. 

Lead. 
Per  cent. 

4.5 

Zinc. 

Per  cent. 
8.9 

On  20-mesh, 

. 

.      46.40 

Through 

20  on   40, 
40  "    60, 

• 

28.24 
'    8.26  " 

11 

60  "    80, 

. 

5.07 

n  ' 

80  "  100, 

25 

36  • 

2.25 

4.8 

6.7 

11.1 

(( 

100,      . 

• 

• 

9.78  . 

100.00 

A  portion  of  the  sample  was  first  put  through  a  60-mesh 
screen,  and  100  grammes  gave  by  vanning,  5.54  grammes  of 
concentrates  (or  18.05  tons  into  1),  assaying  19  ounces  silver, 
30.4  per  cent,  lead  and  22.3  per  cent.  zinc.  An  effort  was  made 
in  this  vanning  to  eliminate  the  zinc  as  far  as  practicable,  and 
the  saving  of  silver  was  only  34  and  of  lead  87  per  cent. 

It  was  found  that  25.36  per  cent,  of  the  tailings  would  pass 
through  a  40-mesh  screen,  showing  here  again  the  imperfection 
of  hydraulic  sizing.  The  assay  of  this  fine  portion  was  4.8 
ounces  silver,  6.7  per  cent,  lead  and  11.1  per  cent,  zinc,  and  by 
vanning  7.961  tons  into  1  a  product  was  obtained  which  assayed 
16.1  ounces  silver,  24.5  per  cent,  lead  and  23.2  per  cent.  zinc. 

With  silver  at  63  cents  per  ounce,  lead  at  3.20  cents  per 
pound,  a  deduction  of  50  cents  for  each  unit  of  zinc  over  10 
per  cent,  and  a  freight-  and  smelting-charge  of  $25  per  ton,  it 
will  be  seen  that  neither  of  the  above-mentioned  products 
would  yield  enough  to  pay  charges. 

The  ores  of  the  Coeur  d'Alene  district  have  to  stand  very 
high  charges  for  freight  and  treatment,  as  they  cannot  find  a 
market  at  a  distance  of  less  than  500  miles ;  but  the  develop- 
ment of  other  ores  in  their  vicinity  and  a  better  price  for  their 
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metallic  contents  may  make  it  profitable  in  the  future  to  treat 
the  jig-tailings. 

Considerable  space  has  been  given  here  to  the  discussion  of 
the  losses  in  jig-tailings,  since  the  subject  is  one  of  much  im- 
portance in  Butte,  and  has  not  received  the  attention  it  de- 
serves. It  is  not  improbable  that  some  of  the  companies  look 
forward  to  re-working  their  jig-tailings  when  conditions  are 
more  favorable ;  but  there  are  three  reasons  why  they  shonld 
be  treated,  if  possible,  as  fast  as  they  are  produced. 

1.  It  is  doubtful  if  the  expenses  of  working  will  ever  be 
enough  smaller  to  balance  the  expense  of  getting  the  material 
back  into  the  mills. 

2.  Unless  reservoirs  of  ample  settling-capacity  are  provided, 
the  finest  and  richest  material  will  be  carried  away  into  the 
streams  by  the  tlow  of  water  which  goes  out  with,  the  tailings. 

3.  Oxidation  and  leaching  will  rob  them  of  some  of  their 
values,  and  will  also  leave  them  in  such  a  condition  that  greater 
losses  will  be  incurred  in  working. 

"  Copper  is  the  cheapest  thing  I've  got,"  was  the  remark  of 
a  prominent  mine-manager  of  Butte,  when  his  attention  was 
called  to  losses  in  concentrating  which  could  only  be  avoided 
by  a  considerable  original  outlay,  followed  by  an  increase  in 
operating  ex]:)enses.  This  belief  may  have  stood  in  the  wa\'  of 
careful  investigations  into  leaks  and  how  to  prevent  them. 

The  most  modern  of  the  Butte  mills  are  well  equipped  with 
economical  engines  and  other  machinery  of  improved  design, 
and  operating  expenses  are  probably  at  a  minimum  with  pres- 
ent rates  for  labor  and  material ;  but  there  is  room  for  improve- 
ment in  the  saving  of  mineral  values. 

Comparative  Work  of  Fnie  Vanners  and  Circular  Tables. 

Gagnon  ore  has  been  treated  in  mills  of  both  types. 

1.  Rock-breakers,  Cornish  rolls,  trommels,  Harz  jigs  and 
Frue  vanners. 

2.  Steam-stamp,  hydraulic  sizing,  Collom  jigs  and  circular 
tables. 

An  improved  circular  table,  designed  by  the  Clark  Brothers, 
of  Butte,  is  manufactured  by  the  Western  Iron  Works  of  tliat 
city.  Instead  of  the  plain  surface,  11  concentric  steps  are 
made,  each  having  a  width  of  8  inches  and  a  pitch  of  1^  inches 


632      CONCENTRATION  OF  ORES  IN  THE  BUTTE  DISTRICT,  MONTANA. 

^o  the  foot,  the  pitch  of  the  oki  plain-surface  tables  being  1^ 
inc'hes  to  the  foot,  from  center  to  circumference.  These  tables 
have  given  better  results  than  the  old  ones;  but  the  work  done 
by  vanners  on  Gagnon  ore  is  much  more  satisfactory  than  on 
either  kind  of  circular  tables,  as  will  be  seen  by  the  following : 


Gagnon  Ore. 

Crude  assay, 

12.5  ounces  silver,  4.7  per  cent,  copper,  55 

per  cent 

gangue. 

Vanners.                           Old  Tables. 

Clark  Tables. 

Silver. 

Copper.  Gangue.    Silver. 

Copper.  Gangue 

.    Silver. 

Copper.  Gang. 

Ozs. 

Ozs. 

Ozs. 

per 

Per         Per         per 

Per          Per 

per 

Per         Per 

ton. 

cent.       cent.         ton. 

cent.       cent. 

ton. 

cent.       cent. 

Concentrates,     . 

33.5 

12.3       17.0       21.5 

10.4       39.1 

25.5 

11.5       22.4 

Tailings,    . 

1.5 

1.0                      3.95 

1.6 

3.55 

1.4 

On  the  copper-silver  ores  of  the  district  the  difterence  be- 
tween the  two  machines  is  not  as  great;  but  still  the  record  is 
in  favor  of  the  vanners. 

The  above  results  show  that  the  vanners  give  cleaner  con- 
centrates and  lower  tailings  than  the  tables,  and  the  difterence 
in  favor  of  the  vanner  is  great  enough  to  counteract  the  objec- 
tions which  are  urged  against  it — namely,  original  outlay,  cost 
of-  repairs  and  attention,  and  small  capacity. 

The  first  cost  of  the  two  machines  in  Butte,  set  up  and  ready 
to  run,  is  about  the  same,  and  may  be  taken  at  f  500  for  each. 
Yanners  in  the  Butte  mills  are  only  required  to  handle  2  or 
3  tons  per  day,  and  it  is  claimed  for  the  tables  that  they  will 
treat  four  times  as  much.  If  this  is  true,  the  original  cost  of 
equipment  for  working  a  given  quantity  of  ore  would  be  four 
times  as  great  for  vanners  as  for  tables.  (In  the  gold-mills 
of  Montana,  where  concentration  follows  amalgamation  on 
plates,  two  vanners  handle  the  ore  from  five  stamps ;  hence 
each  machine  has  to  treat  about  5  tons  per  day.) 

In  the  cost  of  labor  for  attention  the  ratio  is  about  the  same 
for  the  two  machines  as  in  the  item  of  first  outlay.  Yanners 
.  are  now  arranged  in  the  Butte  mills  so  as  to  discharge  concen- 
trates continuously  through  sluices  and  elevators  into  bins, 
which  also  receive  the  product  of  the  jigs,  for  settling  and 
draining,  and  one  man  on  a  shift  can  take  care  of  20  or  24 
machines.  With  an  unvarying  pressure  of  water,  the  same 
number  of  tables  can  probably  be  watched  by  one  man. 
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In  repairs  the  vaiiner  is  undoubtedly  more  expensive  than 
the  table ;  but  if  it  has  good  care  this  item  of  cost  is  not  ex- 
cessive. The  average  life  of  a  good  belt  is  five  years.  Adding 
to  the  price  of  a  belt  the  cost  of  other  worn-out  i)arts  during 
the  same  period,  it  has  been  found  that  the  total  outlay  in  re- 
pairs is  about  $150,  or  3.3  cents  per  ton  of  ore  treated  by  the 
machine  itself,  or  only  |^  of  a  cent  per  ton  of  ore  going  into 
the  mill  (the  amount  of  slimes  being  only  about  10  per  cent,  of 
the  total  amount  treated  by  the  mill).  The  first  injury  which 
usually  occurs  to  a  vanner-belt  is  the  cracking  of  the  raised 
edges  or  flanges.  Thi*  has  been  remedied  to  a  great  extent  by 
new  forms  of  flanges,  among  them  II.  G.  Blasdel's  patent,  in 
which  the  flanges  "  stand  at  an  acute  angle  toward  the  center, 
and  therefore  readily  conform  to  the  change  of  direction  while 
passing  over  the  end  rollers." 

In  one  of  the  mills  treating  Butte  ores,  where  both  tables 
and  vanners  are  in  use,  the  middlings  from  the  former  are 
treated  on  the  latter.     The  results  are  very  satisfactory. 

Tests  on  Vanner-Tailings. 

In  discussing  the  "  Observations  Concerning  Ore-Dressing," 
by  0.  Bilharz,  Trans.,  xxii.,  Professor  Eichards,  on  page  701, 
lays  down  the  rule  that  "  every  machine,  as  far  as  practicable, 
should  have  its  guard."  This  is  certainly  a  wise  precaution, 
and  a  guard  or  provision  for  treatment  of  the  tailings  of  some 
concentratiifg-machine  is  almost  imperative  ;  bat  there  are  cases 
in  which  the  yield  would  hardly  pay  for  the  eflbrt  to  make  an 
additional  recovery,  as  will  be  seen  from  the  following : 

The  accumulated  daily  samples  of  vanner-tailings,  assaying 
1.5  ounces  silver  and  1  per  cent,  copper,  from  a  3400-ton  lot  of 
Gagnon  ore  were  sent  to  Mr.  Richard  Pearce  for  a  test,  to  de- 
termine if  it  would  be  profitable  to  place  a  slime-table  after  the 
vanners  for  the  treatment  of  the  tailings,  and  he  reported  : 

"Three  Imndred  grammes  gave  4.36  grammes  of  concentrates,  which  were  very 
siliceous,  and  which  assaj'ed  7.3  per  cent,  copper  and  14.7  ounces  silver  to  the 
ton.  The  material  saved  was  very  light  and  required  careful  handling  on  the 
vanning-shovel  to  collect  it.  I  cannot  see  how  you  are  going  to  make  this  pay 
the  expense  of  additional  treatment." 

This  shows  a  recoverv  of  onlv  1  ton  out  of  69  tons  handled. 
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or  only  1  ton  in  two  days ;  and  as  the  net  yield  of  the  product 
at  the  smelter  would  not  be  more  than  §10  per  ton,  it  is  evi- 
dent that  the  cost  of  re-handling  this  material  should  be  less 
than  14J  cents  per  ton  in  order  to  make  any  profit.  With  the 
certainty  that  no  slime-table  could  recover  as  much  as  the  van- 
niug-shovel,  the  above  figures  did  not  encourage  the  company 
to  provide  facilities  for  elevating,  settling  and  concentrating  the 
vauner-tailings. 

There  are  sixty-six  4-foot  Frue  vanners  in  the  Butte  concen- 
trators, but  other  machines  of  the  belt-type  are  getting  a  foot- 
hold in  the  mills  of  the  district.  One  oithe  advantages  claimed 
for  these  newer  machines,  in  comparison  ^vith  the  Frue,  is  that 
they  prevent  the  accumulation  of  drifts  of  sand  at  the  edges  of 
the  belt.  It  is  asserted  that  these  drifts  dras;  over  the  tailings- 
end  of  the  belt  some  of  the  values  wdiich  w^ould  otherwise 
move  on  to  the  concentrates-end. 

In  order  to  determine  how  much  difference  there  was  be- 
tween the  tailings  discharged  from  the  edges  and  from  the 
middle  of  the  belt,  two  samples  were  taken  on  Gagnon  tailings, 
one  from  a  zone  6  inches  wide  on  each  edge,  the  other  from  3 
feet  in  the  middle,  and  the  assays  were  as  follows : 

Middle.  Edges. 

Silver.      Copper.      Silver.       Copper. 
Oz.  per  ton.  Per  cent.  Oz.  per  ton.  Per  cent. 
Average  of  4  samples,      .         .         .1.61  .69        1.60  .80 

"         <<  "       <<  ...     1.45  .84        2.20        1.51 

Accumulated  samples  for  12  hours,  .     1.20         1.05         2.  •  1.35 

Sifting-tests  w^ere  made  on  the  last  mentioned  samples  to 
ascertain  whether  the  shake  of  the  machine  did  not  throw  the 
larger  particles  of  sand  to  the  edges  of  the  belt ;  for,  if  it  were 
found  that  the  tailings  from  the  edges  contained  more  coarse 
sand  than  fi'om  the  middle,  the  higher  assays  from  the  former 
might  be  accounted  for,  in  part  at  least,  by  the  presence  of  in- 
cluded grains  of  silver-  and  copper-bearing  minerals  in  these 
coarser  sands.  But  the  tests  demonstrated  that  there  was  prac- 
tically no  difterence  in  the  fineness  of  the  material  from  the  edges 
and  middle,  and  therefore  the  higher  assays  from  the  former 
can  only  be  accounted  for  by  the  accumulation  of  sand  on  the 
edges  which  prevents  the  free  passage  of  concentrates  over  the 
proper  end  of  the  machine. 


CONCENTRATION  OF  ORES  IN  THE  BUTTE  DISTRICT,  MONTANA.      635 

Other  Bdt-Machincs. 

A  brief  mention  of  several  belt-machines  and  their  devices 
for  preventing  the  accmnulation  of  sand  will  not  be  out  of  place. 

The  Embrey  vanners,  four  of  which  are  in  use  at  the  Parrot 
concentrator,  have  an  end-shake,  and  thus  do  away  with  side- 
drifting  of  sand.     Their  work  is  very  satisfactory. 

At  the  Western  Iron  Works,  in  Butte,  the  Tulloch  concen- 
trator is  made,  and  two  of  them  are  in  use  at  the  Parrot,  and 
seven  at  the  ^vlontana  Ore  Purchasing  Company's  mill.  They 
have  canvas  belts  and  an  oscillating  motion,  which  is  intended 
to  imitate  the  movement  of  panning,  and  are  gi^^ng  satisfaction. 

The  attention  of  mill-men  has  also  been  called  to  the  Wood- 
bury concentrator,  in  which  seven  narrow  belts  take  the  place 
of  a  wide  one,  and  to  the  Johnson  concentrator,  made  by  the 
Eisdon  Iron  Works,  of  San  Francisco,  which  has  a  shaking 
motion  and  several  other  peculiar  features  of  apparent  advan- 
tage; also  to  the  Union  concentrator,  manufactured  by  the 
Union  Iron  Works,  of  San  Francisco. 

A  belt-machine  which  resembles  the  Bilharz  table  in  design 
is  made  by  J.  M.  Montgomery,  of  Butte. 

Corrugated  Vanner-Belts. — Experiments  with  these  belts  gave 
unsatisfoctory  results  on  Butte  ores.  They  did  not  yield  as 
clean  concentrates  or  as  low  tailings  as  the  plain  belts. 

Gilpin  County  Concentrator. — In  the  gold-mills  of  Colorado  a 
shaking-table  known  by  the  above  name,  with  end-bump,  has 
been  extensively  used  in  sawing  pyrites.  On  low-grade  tailings, 
which  will  not  stand  the  first  cost  and  operating  expense  of 
vanners,  this  machine  may  do  well  enough,  but  on  the  Butte 
ores  it  has  not  been  found  satisfactory.  A  clean  product  could 
not  be  made  except  Tvdth  too  great  a  loss  in  the  tailings. 

Classification  of  Slimes  for  Vanner-  Work. 
In  one  of  the  Butte  mills,  where  seven  Frue  vanners  were 
.in  use,  the  V-shaped  feed-tanks  were  arranged  so  as  to  classify 
the  material  for  the  vanners,  and  the  results  on  one  lot  of  sil- 
ver-copper ore  were  as  follows  : 

1.  Launder  carrying  all  slimes  from  mill  to  (2). 

2.  V-shaped  feed-tank :  settlings  to  (3) ;  overflow  to  (4). 

3.  Four  Frue  vanners :  tailings,  1  ounce  silver ;  1  per  cent, 
copper. 

4.  V-shaped  feed-tank :  settlings  to  (5) ;  overflow  to  (6). 
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5.  1^0.  5  vanner:  tailings,  0.64  ounce  silver;   0.9  per  cent, 
copper. 

6.  V-shaped  feed-tank :  settlings  to  (7) ;  overflow  to  (8). 

7.  'No.  6  vanner  :  tailings,  1.30  ounces  silver;   1.2  per  cent, 
copper. 

8.  Y-sliaped  feed-tank :  settlings  to  (9) ;  overflow  to  (10). 

9.  ISTo.  7  vanner:  tailings, 4  ounces  silver;  2.7per  cent,  copper. 
10.  Settling-tank:  settlings,  9.2  ounces  silver;   7.7  per  cent. 

copper. 

The  assays  of  tailings  given  above  will  show  how  difficult  it 
is  to  save  the  fine  sulphides ;  and  it  is  the  opinion  of  Mr.  Pearce, 
verified  by  practical  experience  on  the  Butte  ores,  that  better 
results  are  obtained  on  vanners  when  no  classification  is  made — 
jDrovided  the  material  going  upon  the  machines  contains  no 
grains  of  mineral  too  large  for  the  vanner  to  handle  properly. 
There  is  a  reason  for  this  in  the  eflfect  which  larger  and  heavier 
grains  of  material  would  have  in  entrapping  the  finer  slimes 
and  holding  them  down  to  the  surface  of  the  belt. 

Applying  this  theory  to  the  mixing  of  different  kinds  of  ore  for 
concentration,  it  has  been  found  that  better  results  were  obtained 
by  mixing  some  of  the  Butte  ores  than  by  working  them  sepa- 
rately. 

Amalgamation  of  Concentrator-Tailings. 

Mention  has  already  been  made  (see  page  599)  of  the  silver- 
ores  of  Butte  and  of  the  unsatisfactory  results  of  their  treat- 
ment by  concentration. 

The  Nettie  mine  has  shipped  more  ore  of  this  class  to  con- 
centrating-works  than  any  other  mine  in  the  district,  and  the 
high  assay  of  the  tailings  led  to  a  series  of  tests  to  determine 
what  percentage  of  the  silver  was  amalgamable. 

A  partial  analysis  of  16,379  tons  so  treated  at  the  Colorado 
concentrator  is  as  follows  : 

Per  cent. 

Silica, 66.50 

Manganese, 5.56 

Iron, 4.90 

Lead, 2.44 

Zinc, 4.60 

Sulphur, 6.43 

Copper,       .        .         .         .         .         .         .10 

Silver, 08  =:  23.7  ounces  per  ton. 

Gold, 0.03       "  " 

90.61 
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The  product,  assayinc:  45  ounces  silver,  amounted  to  6371  tons, 
and  the  degree  of  concentration  was,  therefore,  2.57  tons  into  1. 
The  average  assay  of  the  tailings  was  9  ounces  of  silver. 


Percentage  saved  in  concentrates, 
"  lost  in  tailings, 


73.8 
23.2 

97.0 


Preparatory  to  an  amalgamation-test  on  the  tailings,  samples 
were  sifted  through  sieves  of  different  fineness,  and  the  results 
were  as  follows  :  * 


Nettie  Jig-Tailings. 

Nettie  Vanner 

-Tailings. 

Silver  Assay. 

Silver  Assay. 

Per  cent. 

Ozs.  per  ton. 

Per  cent. 

Oz& 

.  per  ton. 

Sample 

sizing, 

. 

10. 

12. 

On  10-mesh, 

. 

.        4.90 

10.1 

1.04 

14.2 

Througl 

1  10  on 

20,     . 

.     18.82 

9.4 

1.44 

10.4 

20  " 

40,     . 

.    47.12 

9.9 

5.13 

7.4 

40  " 

60,     . 

.     15.58 

8.9 

13.33 

6.3 

60  " 

80,     . 

.       6.77 

8.8 

10.87 

6.0 

80  " 

100,     . 

.       2.59 

9.3 

12.44 

7.0 

100, 

.       4.17 

14.1 

55.72 

13.6 

99.95 


99.97 


A  quantity  sufficient  for  several  pan-charges  was  sent  to  the 
Lexington  Company's  mill  for  test-runs  through  the  amalga- 
mating-pans,  and  Mr.  C.  C.  Rueger  reports  the  following 
results : 


Vanner-tailings  : 

Amalgamation  without  grinding No  chemicals.. 

"  with         "        "  " 

4  pounds  blue 
No  salt. 
8  pounds  blue 


Jig-tailings : 
Amalgamation,  etc. 


i20 
8 
30 
12 
30 

i    « 

130 

(12 
130 


salt, 
blue- 
salt, 
blue- 
salt. 

blue- 
salt, 
blue- 
salt. 


stone.  1 
■stone.  1 
•stone.  1 
stone.  I 

stone, 
-stone. 


Assays. 

<D 

bo 

60 

>->  a 

c~ 

ti  3 

^o 

Ui^ 

Ozs. 

Ozs. 

11.6 

9.2 

11.4 

9.0 

10.8 

6.2 

11.4 

4.4 

11.6 

4.0 

12.0 

3.6 

10.0 

6.4 

10.0 

4.2 

Percentages. 


■:3      >'~v 


79.3 
78.9 

57.4 
38.6 
34.5 
30.0 

64.0 
42.0 


20.7 
21.1 

42.6 
61.4 
65.5 
70.0 

36.0 
58.0 


The  weight  of  pan-charges  was  about  3000  pounds,  and  the  time  8  hours. 

*  In  collecting  the  vanner-tailings  for  this  test  they  were  allowed  to  flow  into 
a  pool,  and  a  certain  amount  of  concentration  took  place,  giving  settlings  much 
richer  in  silver  than  the  average  tailings  from  the  mill. 
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The  above  sifting-test  shows  that  92.36  per  cent,  of  the 
vanner-taihngs  were  fine  enough  to  pass  through  a  40-mesh 
sieve  before  amalgamation,  and  the  settler-taiHngs  showed  from 
94.74  to  95.20  per  cent,  through  a  40-mesh.  Of  the  jig- 
tailings,  before  going  into  the  pans,  29.11  per  cent,  passed 
through  40-mesh,  and,  after  grinding  in  the  pans,  41.96  per 
cent,  passed  through  the  same  sieve. 

Taking  the  average  assay  of  the  concentrator-tailings  at  9 
ounces,  with  silver  at  66  cents  per  ounce,  and  assuming  that 
the  pans  would  recover  two-thirds  of  the  value,  the  yield  per 
ton  would  be  only  about  $4. 

Cost  of  Concentrating. 

Managers  of  Butte  mills  are  unwilling  to  publish  figures  of 
the  cost  of  treatment;  but  it  may  be  stated  in  a  general  way 
that  the  expense  ranges  from  35  cents  per  ton  in  the  larger 
plants  to  $1  in  those  of  smaller  capacity.  The  ores  of  the 
district  dift'er  so  greatly  in  character  that  these  figures  have 
no  particular  significance,  and  where  custom-work  is  done, 
which  is  the  case  in  the  smaller  mills,  the  frequent  changes 
from  one  lot  of  ore  to  another  make  the  costs  higher  than 
those  of  steady  work.  In  mills  which  have  the  advantage  of 
water-power  it  is  not  improbable  that  the  cost  is  less  than  35 
cents. 

If  we  assume  that  the  average  assay  of  the  concentrating-ores 
of  Butte  is  7  per  cent,  copper  (wet  assay),  and  allow  for  all 
losses  in  concentrating  and  smelting,  we  may  calculate  that, 
in  the  concentrating-department  alone,  each  pound  of  copper 
obtained  in  the  matte  has  cost  one-third  of  a  cent. 

Roll-Shells. 

One  important  item  of  expense  is  in  castings  for  the  crushing- 
rolls,  and  many  experiments  have  been  made  with  different 
kinds  of  metal,  having  in  view  the  reduction  of  this  cost. 
Chilled-iron  shells,  furnished  by  the  local  foundries,  have  been 
tried  frequently ;  but  as  the  problem  of  getting  iron-castings 
which  are  both  hard  and  tough  has  not  been  solved,  steel  is  in 
more  common  use.  At  the  Colorado  concentrator,  where  rolls 
have  the  most  severe  duty,  cast-steel  from  several  manufacturers 
has  been  tried,  and  the  cost  per  ton  of  ore  for  shells  of  this 
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metal  has  been  about  4|  cents.  Tests  have  also  been  made  of 
the  wearing  qualities  of  "  rolled-"  chrome-  and  manganese- 
steels.  The  latter,  which  is  said  to  contain  12  per  cent,  of 
manganese,  has  given  better  satisfaction  than  any  other,  not 
only  for  roll-shells,  but  also  for  crusher-plates.  It  is  made  by 
the  Taylor  Iron  and  Steel  Co.  of  High  Bridge,  ifTew  Jersey. 
One  pair  of  manganese-steel  roll-shells  remained  in  service 
while  52,000  tons  were  treated  by  the  mill,  and  a  pair  of  ordi- 
nary cast-steel  on  the  same  duty  wore  out  while  24,000  tons 
were  treated.  The  manganese-steel  rolls  weighed  2651  pounds, 
and,  although  tliey  wore  down  to  thinner  scrap  than  the  cast- 
steel,  the  waste  metal  weighed  650  pounds,  representing  24.5 
per  cent,  of  the  original  castings.  As  there  is  no  market  for 
this  or  other  steel-scrap  at  local  foundries,  the  waste  is  quite 
an  important  matter. 

Composition  of  Butte  Ores. 

The  following  partial  analyses  will  show  what  the  ores  of 
the  district  contain  : 


No. 

1.* 

No 

.2. 

No.  3. 

No 

4.t 

a 
"33 

a 

CO 

a  c 
o 

a 

a 

02 

,  bb 

a  a 

O  *^ 

bib 

.5 

a 

CO 

1 

a 

en 

,  bi 

c  a 

bb 

a 

a 

CO 

,  bi) 

a  a 
as 

5" 

» 

Cu 

20.26 
14.42 

5.30 

26.34 

.45 

1.66 
trace 
trace 

2.35 
28.72 

6.50 

9.55 

8.66 

15.87 

.09 

.94 

.20 

.25 

54.'80 

9.80 
26.00 



33.60 

28.'70 

4.60 
12.10 

is.'Vo 

65.20 

29.95 
18.65 
7.25 
36.15 
.26 
.44 

'7.'26 

26.25 

16.40 

2.34 

29.18 

'4.'00 
21.50 

8.10 
10.10 

ii'.'ss 

63.00 

.55 

5.10 

16.29 

13.19 

6.73 

trace 

.05 

8.55 

43.'22 

.10 
4.90 
4.60 
6.43 
5.56 

"2.'44 

ee.'so 

90.53 

Fe 

Zn 

s 

Mn 

As 

Sb 

Pb        

Al.,0'i 

(Insol.  Res.) 

99.50 

%.86 

99.96 

99.67 

96.08 

93.68 

Aff 

30  ozs. 

80.44 

10  ozs. 

80.44 

11 .2ozs 
No 
assay. 

3.3  OZS. 
No 
assay. 

24  ozs. 

No 

assay. 

20  ozs. 

No 

assay. 

6.5  ozs. 
No 
assay. 

43  ozs. 
$0.80 

20  ozs. 
80.40 

Au 

*  Gagnon. 

It  will  be  noticed  that  the  gold-assay  does  not  increase  with  the  silver  and  cop- 
per contents,  tlie  smelting  ore  being  no  better  in  gold  than  tlie  concentrating  class. 

Hiibnerite  (tung.state  of  manganese)  has  been  found,  but  not  frecjuently,  in  tlie 
Gagnon  ore.  In  the  analysis  WOs  was  looked  for,  but  not  found  in  appreciable 
quantity. 

t  Nettie. 
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Magnetic  Observations   in  Geological  Mapping. 

BY  HENRY  LLOYD   SMYTH,   CAMBRIDGE,    MASS. 

(Colorado  Meeting,  September,  1896.) 

Section  L — Introduction. 

In  1891-92  I  was  entrusted  with  the  geological  survey  of  part 
of  the  large  area  lying  between  the  Marcjuette  and  Menominee 
iron-ranges  in  the  Upper  Peninsula  of  Michigan,  and  extend- 
ing from  the  Republic  trough  on  the  north,  through  portions 
of  the  valleys  of  the  Michigamme  and  Fence  rivers,  to  and  in- 
cluding the  intermediate  Felch  mountain  range  on  the  south. 

Until  a  few  years  back  the  larger  part  of  this  area  has  been 
very  difhcult  of  access,  and  much  of  it  is  difficult  still.  The 
rock-surface  is  for  the  most  part  covered  with  swamp,  forest  and 
glacial  deposits  of  various  kinds,  and  therefore  has  not  invited 
geological  study.  For  these  reasons  the  district,  as  a  whole, 
with  the  exception  of  the  Felch  mountain  range,  remained 
almost  unknown  from  a  geological  standpoint  until  our  work 
in  1892. 

Our  main  object  was  to  map  the  pre-Cambrian  rocks,  paj*- 
ticularly  the  iron-bearing  formations  of  Algonkian  or  Huronian 
age,  and  to  obtain  as  much  information  as  possible  with  refer- 
ence to  their  sequence  and  structure.  In  carrying  out  this 
purpose,  the  use  of  simple  magnetic  instruments  was  found  to  be 
of  the  greatest  assistance,  and  indeed  indispensable.  In  this 
paper  the  results  of  our  experience  in  tracing  magnetic  rocks 
by  means  of  the  disturbances  produced  in  those  instruments, 
have  been  brought  together  in  systematic  form,  with  such  ref- 
erences to  the  particular  area  as  are  necessary  in  order  to  illus- 
trate general  principles,  with  the  hope  that  they  will  prove 
useful  to  other  workers  in  the  same  region,  or  in  other  regions 
where  similar  conditions  may  be  encountered. 

The  writer  was  efficiently  aided  in  the  field-work  by  Messrs. 
Samuel  Sanford  and  Charles  IS".  Fairchild  for  nearly  the  whole 
period,  and  E.  B.  Mathews  and  II.  F.  I'hillips  for  part  of  it, 
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as  assistant  geologists,  and  by  Messrs.  Lewis  and  Forbes  as 
skilled  woodsmen. 

As  has  been  said  already,  the  area  in  which  our  work  was 
done  is  largely  drift-covered,  to  somewhat  varying  but  usually 
considerable  depths;  the  mantle  on  the  whole  is  so  evenly 
spread,  that  outcrops  of  any  rocks,  except  those  belonging  to 
the  Archa?an,  are,  in  many  sections,  few  and  scattered,  and 
sometimes  are  almost  entirely  lacking  over  whole  townships. 

Under  these  circumstances,  and  in  view  of  the  additional 
fact  that  the  pre-Cambrian  rock-structure  is  likely  to  be  com- 
plex, even  a  general  outlining  of  the  old  formations  would  be 
impossible  by  the  usual  geological  methods,  and  if  we  were  re- 
stricted to  these  there  would  be  no  alternative  but  to  map  most 
of  the  territory  as  Pleistocene.  It  happens,  however,  that  the 
Algonkian  rocks  of  Michigan  contain  a  large  amount  of  magne- 
tite, which  is  known  from  observation  in  the  developed  ranges 
to  be  characteristic  of  certain  geological  formations.  It  un- 
doubtedly occurs  in  more  or  less  amount  in  all  the  sedimentary 
rocks,  and  is  also  present,  sometimes  in  considerable  quantities, 
in  rocks  that  are  not  sedimentary,  as,  for  example,  round  the 
margins  of  the  old  intrusive  diorite  bosses.  But  generally 
speaking,  its  occurrence  in  large  quantities  is  confined  so  closely 
to  definite  geological  formations,  in  which  it  is  found  in  char- 
acteristic association  with  certain  other  minerals,  or  to  hori- 
zons within  those  formations,  that  it  can  be  guardedly  used  in 
identifying  them,  and  in  tracing  them  from  localities  where 
they  outcrop  through  areas  in  which  they  are  buried.  This 
use  is  not  only  justified,  from  an  empirical  standpoint,  by  the 
presumption  in  favor  of  analogies  to  which  no  exceptions  are 
known,  but  it  has  a  rational  basis,  in  the  view  of  the  late  Professor 
Irving,*  which  is  steadily  gaining  ground,  that  at  least  much  of 
the  iron  of  this  magnetite  was  originally  buried  in  the  same 
formations  in  which  it  now  occurs,  through  the  agency  of  or- 
ganic life.  From  this  point  of  view  the  magnetite  is  in  a  certain 
sense  a  fossil,  but  with  the  important  practical  advantage  over 
other  organic  remains,  that  it  need  not  be  dug  up  in  order  to 
prove  its  existence. 

*  "Classification  of  the  Early  Cambrian  and  Pre-Cambrian  Formations,"  Sev- 
enth Annual  Report  of  the  U,  S.  Geological  Survey,  pp.  451-52, 


642  MAGNETIC    OBSERVATIONS    IN    GEOLOGICAL    MAPPING, 

These  magnetite-bearing  rocks  always  produce  disturbances 
in  the  compass-needles  held  in  their  neighborhood.  By  a  sys- 
tematic location  and  comparison  of  these  disturbances,  the  po- 
sition of  the  rocks  which  produce  them  can  be  determined  with 
a  considerable  degree  of  precision,  even  when  they  are  deeply 
buried.  Besides  their  position  on  the  map,  the  magnetic  obser- 
vations may,  and  often  do,  indicate  certain  other  geologically- 
important  facts,  such  as  whether  the  rocks  are  flat-lying  or 
highly-tilted,  the  direction  of  strike  and  dip,  and  in  some  cases, 
the  depth  to  which  they  are  buried.  The  methods  employed 
in  the  field-work  were  based  on  those  described  by  Major  T. 
B.  Brooks,*  who  perfected  the  dial-compass,  and  predicted  the 
importance  of  magnetic  methods  in  geological  mapping;  but 
the  results  reached  in  interpretation  were  gradually  developed 
in  the  progress  of  this  work,  as  we  were  daily  brought  face  to 
face  with  phenomena  which  called  for  explanation. 

It  must  be  clearly  understood  at  the  outset  that  in  the  iron- 
ranges  of  the  south  shore  of  Lake  Superior  magnetite  is  rarely 
concentrated  in  large  bodies,  and  that,  in  fact,  its  known  occur- 
rence as  such  is  restricted  to  a  small  part  of  the  western  Mar- 
quette district^  where  in  one  producing  mine  it  now  forms  prac- 
tically the  whole  product,  and  in  another  a  variable,  but  usually 
important  part  of  the  whole.  It  is,  therefore,  well  understood 
in  the  Upper  Peninsula  that  disturbances  of  the  magnetic  needle, 
however  great,  do  not  mean  workable  deposits  of  magnetite. 
Whatever  significance  such  disturbances  possess  is  stratigraphi- 
cal,  and  properly  interpreted  may  lead  to  discoveries  of  rich  ore, 
other  than  magnetite,  in  formations  to  the  position  and  attitude 
of  which  the  attractions  may  furnish  a  clue.  But  it  may  be  as- 
serted as  a  general  proposition,  the  essential  truth  of  which  has 
been  established  by  the  experience  of  many  years,  that  in  the 
region  referred  to  magnetic  disturbances  usually  mean  that 
magnetic  iron-ore  in  a  workable  deposit  does  not  exist  in  the 
area  of  disturbance. 

Section  II. — Description  or  the  Magnetic  Rocks. 

The  magnetic  rock  of  the  Lower  Iluronian  series  of  the  west- 
ern portion  of  the  Marquette  area  (which  is  of  special  impor- 

*  Geolof^ical  Survey  of  Michigan,  vol.  i. ,  Part  I.,  Chapter  VII. 
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tance  to  notice,  since  it  forms  one  of  the  chief  horizons  of 
reference  to  which  our  work  is  tied)  is  the  Negaunee  iron- 
formation.  It  is  finely  exposed  at  the  south  end  of  the  Re- 
public trough ;  but  farther  north  has  been  greatly  reduced  in 
thickness,  or  locally  cut  out  altogether,*  by  the  upper  Mar- 
quette denudation,  and,  when  present  at  all,  is  usually  drift- 
covered. 

It  is  made  up  essentially  of  the  two  minerals,  quartz  and 
griinerite  (which,  previous  to  Dr.  Lane's  work,t  had  almost 
always  been  assumed  to  be  actinolite),  and  either  or  both  of  the 
two  anhydrous  oxides  of  iron,  magnetite  and  hematite.  It  was 
shown  in  the  same  paperj  that,  of  these  two,  magnetite  was 
characteristic  rather  of  the  lower  portion  and  hematite  of  the 
upper  portion  of  the  formation.  The  total  thickness  is  very  un- 
equally divided  between  the  two  iron-minerals ;  the  magnetic 
portion  on  Republic  mountain  occupying  more  than  five-sixths 
of  the  whole,  while  a  short  distance  north,  in  proportion  as  the 
formation  has  been  more  deeply  cut  into  from  above  by  the 
Upper  Huronian  denudation,  the  red  jasper,  or  that  variety  in 
which  hematite  predominates,  dwindles  often  to  disappear- 
ance. 

This  rock  often  possesses  a  very  distinct  banding,  which  pre- 
serves, as  we  believe,  the  original  planes  of  sedimentation,  since 
it  is  parallel  to  the  bounding  surfaces  of  the  formation.  This 
banding  is  caused  by  the  alternation  of  layers,  in  which  one  of 
the  constituent  minerals  predominates  over  the  others,  some- 
times, indeed,  to  their  total  exclusion.  In  the  lower  part  of  the 
formation,  quartz  and  griinerite  constitute  the  bulk  of  the  rock, 
with  magnetite  scattered  somewhat  indiscriminately  through 
them.  Higher  up,  the  magnetite  and  quartz  relatively  increase, 
until  near  the  top,  but  below  the  jasper,  the  griinerite  goes  out 
almost  entirely,  and  the  rock  consists  of  quartz-bands,  heavily 
charged  with  magnetite,  in  alternation  with  bands  of  nearly 
pure  magnetite.  In  the  Negaunee  formation,  as  exposed  at 
Republic,  the  magnetite  therefore  occurs  concentrated  in  some 
of  the  parallel  bands  and  disseminated  through  the  others. 

*  loth  Ann.  Rep.  V,  S.  Geological  Survey,  pp.  613,  617. 

f  Am.  Jour.  ScL,  vol.  xlii.,  1891,  p.  505. 

X  loth  Ann.  Eep.  U.  S.  Geological  Survey,  pp.  611,  612. 
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Any  precise  or  even  rough  quantitative  determination  of  the 
distribution  of  the  magnetite  from  point  to  point,  both  across 
and  along  the  strike,  is  of  course  impossible ;  but  the  study  of 
the  exposures,  and  particularly  the  long  series  of  magnetic  ob- 
servations, lead  to  the  belief  that  it  is  on  the  whole  remarkably 
uniform. 

In  the  same  district  there  is  another  much  less  prominent 
locus  of  magnetite  at  and  near  the  base  of  the  upper  Marquette 
or  "  hanging-wall "  quartzite.  This  marks  an  old  and  now 
crumpled  surface  of  denudation,  as  well  as  certain  layers  near 
the  bottom  of  the  conglomerate  that  was  deposited  upon  it. 
Along  the  strike  of  this  zone,  which  is  of  small  thickness,  the 
distribution  of  magnetite  is  very  irregular;  and  for  this  and 
the  additional  reason  that  when  the  magnetic  portion  of  the 
l^egaunee  formation  comes  up  to  it  the  disturbances  which  it 
produces  cannot  be  discriminated  from  those  produced  by  the 
latter,  the  position  of  the  plane  usually  cannot  be  inferred.  But 
it  is  important  from  an  economic  standpoint,  since  it  is  the  home 
of  the  only  known  rich  bodies,  and,  therefore,  heavy  and  local- 
ized disturbances  which  can  be  referred  to  it  are  always  of  pos- 
sible significance. 

*  Higher  up  in  the  Upper  Huronian  series  a  magnetic  rock 
having  much  the  same  characters  as  the  Xegaunee  formation 
was  encountered  in  the  western  part  of  the  Marquette  district, 
on  the  northern  border  of  the  area  covered  by  our  work. 
This  rock  was  not  found  again  in  outcrops,  nor  is  there  any 
reason  to  believe,  from  the  magnetic  work,  that  it  occurs  else- 
where in  this  area. 

In  the  Menominee  district  and  its  extensions  there  are  also 
two  horizons  in  the  lower  series,  characterized  by  the  presence 
of  magnetite.  The  lower  of  these  is  not  known  to  outcrop, 
but  it  occurs  somewhere  near  the  junction  of  the  dolomite  and 
the  underlying  quartzite.  From  hand-specimens  collected  at 
a  test-pit  in  the  Felch  mountain  range,  its  lithological  affinities 
would  seem  to  connect  it  more  closely  with  the  quartzite  than 
with  the  dolomite.  The  magnetic  disturbances  due  to  this 
formation  are  feeble,  but  they  are  quite  persistent  in  the  Felch 
mountain  area,  and  have  thrown  some  light  on  the  geological 
structure. 

The  other  formation    which  produces   disturbances  is  that 
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which  I  liave  correhited  with  the  Negaunee  formation  and 
named  in  a  former  paper*  the  Michigamme  jasper. 

This  rock,  while  varying  a  good  deal  in  character,  is  gener- 
ally mnch  like  thnt  magnetic  phase  of  the  Negaunee  formation 
in  which  the  griinerite  is  rare  or  absent.  From  the  fact  that 
the  jasper  now  survives  for  the  most  part  only  in  shallow  and 
shattered  synclines,  it  often  lacks  the  regular  banding;  and 
hematite  is  always  present  in  greater  or  less  amount.  The 
relative  proportions  of  the  two  iron  minerals  vary  along  the 
strike  also.  The  rock  as  a  whole,  however,  is  very  magnetic, 
but  not  so  strongly  so  as  the  Negaunee  formation  in  the  Re- 
public trough. 

In  the  Felch  mountain  range  there  is  still  a  third  magnetic 
formation,  which  seems  to  overlie  unconformably  the  lower 
series,  and  is  therefore  provisionally  assigned  to  the  Upper 
Huronian.  This  formation  consists  of  ferruginous  schists, 
interstratified  with  layers  of  ferruginous  fragmental  quartzite. 
It  is  generally  much  less  highly  inclined  than  the  magnetic 
rocks  of  the  lower  series  as  well  as  less  rich  in  iron,  and  the 
disturbances  produced  by  it  are  correspondingly  small. 

Besides  these  rocks  of  sedimentary  origin,  with  which  this 
paper  properly  deals,  it  may  be  mentioned  that  along  the 
Fence  river  there  is  a  considerable  area  of  metamorphic  erup- 
tives,  which  are  often  exceedingly  magnetic.  These  are  re- 
stricted to  a  definite  geological  horizon,  within  which  the 
magnetic  disturbances  are  remarkable  for  their  complexity 
and  irregularity,  no  doubt  as  the  result  of  a  very  irregular  dis- 
tribution of  magnetite,  and  of  the  formations  which  chiefly  con- 
tain it.  The  rocks  in  this  belt  outcrop  freely,  and  the  disturb- 
ances can  therefore  easily  be  assigned  to  the  proper  causes. 

Section  III. — The  Distribution  of  Magnetism  in  the 
Magnetic  Rocks> 

Magnetite  occurs  therefore  in  these  Algonkian  rocks  in  dif- 
ferent ways.  In  some  instances  it  is  mainly  concentrated  in 
nearly  pure  parallel  layers;  in  others,  it  is  more  or  less  evenly 
disseminated  through  non-magnetic  material;  and  still  again, 
it  is  present  in  both   forms.     Moreover,  these  rocks  have  all 

*  Am.  Jour.  ScL,  vol.  xlvii.,  1894,  pp.  217,  218,  223. 
VOL.  XXVI. — 42 
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been  folded,  more  or  less  strongly,  at  more  than  one  period ;  and 
wherever  they  are  exposed  they  are  seen  to  he  inclined  to  the 
horizon,  often  at  high  angles,  and  to  be  traversed  by  intersecting 
sets  of  joint-  and  cleavage-planes,  some  of  which  always  cut  the 
bedding,  and  often  have  been  the  seat  of  the  development  of 
secondary  minerals.  By  the  crossing  of  these  various  surfaces, 
the  rocks  are  divided  up  into  small  unit-masses,  at  the  bounda- 
ries of  which  there  is  either  an  actual  physical  parting,  or  a 
break  in  the  continuity  of  the  magnetite. 

It  is  well  known  that  when  a  bar-magnet  is  broken,  and  the 
severed  ends  are  again  joined,  the  two  pieces  do  not  unite  to 
form  one  magnet,  but  remain  as  two.  It  may  be  inferred, 
therefore,  from  the  manner  of  distribution  of  the  magnetite, 
and  the  secondary  partings  existing  in  these  rocks,  that  their 
magnetism  is  seated  in  an  enormous  number  of  small  separate 
magnets,  at  least  one  for  each  of  the  physically  distinct  unit 
volumes. 

It  is  a  fact  of  observation,  as  will  appear  hereafter,  that  the 
upper  surfaces  of  these  magnetic  rocks  invariably  attract  the 
north  end  of  the  compass-needles  (and,  of  course,  repel  the 
south  end).  From  this  it  must  be  inferred  that  the  small  mag- 
nets are  generally  similarly  oriented,  and  have  their  north 
ends,  which  would  repel  the  north  end  of  the  compass-needle, 
pointing  downward,  and  their  south  ends,  which  attract  it, 
pointing  upward.  As  this  is  the  arrangement  that  would  result 
from  induction  from  the  earth's  magnetism,  it  can  be  concluded 
further  (as,  of  course,  might  be  assumed)  that  these  rocks  are 
magnetic  from  the  earth's  induction. 

It  is  also  well  known,  that  when  several  bar-magnets  are 
joined  in  line  at  opposite  poles,  the  eifect  upon  a  compass-needle 
within  the  range  of  influence  is  nearly  the  same  as  if  the  joined 
magnets  were  replaced  by  a  single  magnet  of  the  combined 
length.  For  each  member  of  the  pairs  of  intermediate  poles, 
one  attracting  and  the  other  repelling,  is  about  the  same  dis- 
tance away,  and  their  effects  so  balance  each  other.  The 
result,  therefore,  is  to  leave  one  pole  unchanged  in  position, 
and  to  remove  the  other  to  the  end  of  the  last  magnet  added. 
If  enough  magnets  are  added,  the  final  result  is  to  carry  the 
moving  pole  so  far  away  that  it  has  no  appreciable  influence 
upon  the  needle.     This  is  a  condition  which,  from  the  distri- 
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butioii  of  the  magnetite,  and  the  parting-surfaces  which  run 
through  the  magnetic  rocks,  must  always  be  reahzed  more  or 
less  completely.  It  is  a  necessary  consequence  of  such  an 
arrangement  of  the  small  magnets,  that,  in  the  case  of  a  thin 
sheet  of  magnetic  rock  lying  at  a  low  angle  of  dip,  the  buried 
north-poles  would  not  be  much  farther  removed  than  the  upper 
south-poles,  and  consequently  the  compass-needle  should  be 
relatively  only  slightly  disturbed.  This  is  precisely  what  is 
found  to  be  the  case. 

There  is  thus  iirm  ground  for  the  conception  of  the  magnetic 
rocks  as  made  up  of  sheaves  of  small  magnets,  all  similarly 
oriented  in  a  general  way,  and  all  having  their  south-poles  up- 
ward at  or  near  the  rock-surface,  while  the  etfective  north-poles, 
by  the  continual  addition  of  similarly  oriented  sheaves  below, 
are  carried  down,  when  the  rocks  are  vertical  or  nearly  so,  to 
such  depths  that  their  influence  is  greatly  diminished  or  alto- 
o-ether  imperceptible.      In  equal  small  areas   the    individual 
magnets  are  no  doubt  of  very  unequal  number  or  strength. 
This  can  be  proved  by  holding  a  swinging  needle  close  to  the 
surface  of  a  magnetic  rock,  shifting  its  position  without  moving 
it  out  of  the  parallel  plane,  and  observing  the  changes  in  the 
pointing.     These  are  almost  always  large,  and  are  undoubtedly 
due  to  the  variations  in  strength  of  small  areas  of  the  upper 
poles.     In  consequence  of  the  law  of  magnetism,  by  which  the 
attraction  (or  repulsion)  varies  inversely  as  the  square  of  the 
distance,  the  areas   immediately  surrounding   the  needle  are 
very  much  more  important  factors  in  the  resultant  than  those 
further  removed.     When  the    needle  is  held  higher  up,,  or, 
what  is  the  same  thing,  the  magnetic  rock  is  buried,  the  effects 
are  much  more  regular,  since  a  larger  number    of  the  unit- 
areas  enter  into  the  resultant  with  equal  weight  due  to  equal 
distance,  and  the  extremes  of  individual  variation  are  lost  in 
the  general  mean.      Since    successive  magnetic  cross-sections 
over  buried  rocks  show  on  the  whole  a  great  degree  of  regu- 
larity, we  can  finally  conclude  that  the  magnetic  force  of  these 
rocks  is  seated  in  an  immense,  practically  an  infinite,  niunber 
of  small  magnets,  which  furnish  free  magnetism  at  the  upper 
and  lower  bounding  surfaces  of  the  magnetic  formation,  and 
that  on  the  average  there  is  about  the  same  number,  of  about 
the  same  aggregate  strength,  or,  in  other  words,  equal  intensity 
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ill  equal  areas  of  these  surfaces,  if  the  areas  are  taken  large 
enough. 

Section  IV. — The  Instruments  and  Methods  of  Work. 

The  instruments  used  in  this  work  are  simple  and  well- 
known.  The  dial-compass  is  an  ordinary  compass,  carrying  a 
2|-inch  needle,  swinging  inside  a  circle  graduated  to  degrees, 
which  is  further  supplied  with  a  graduated  hour-circle.  It  is 
therefore  a  portable  sun-dial.  The  gnomon  is  a  thread,  which 
is  attached  at  one  end  to  the  center  of  graduation  of  the  hour- 
circle,  near  the  rear  sight,  and  at  the  other  to  a  point  in  the 
forward  sight,  so  taken  that  the  angle  made  by  the  thread  with 
the  plane  of  the  hour-circle  is  equal  to  the  latitude  of  the  place. 
When  this  instrument  is  levelled  and  set  up  in  the  meridian  on 
a  sunny  day,  the  thread  will  cast  a  shadow  on  the  hour-circle 
at  the  correct  apparent  solar  time,  from  which  mean  time  may 
be  determined  by  applying  the  equation  of  time.  Conversely, 
if  it  is  so  set  up  that  the  shadow  of  the  thread  falls  on  the  cor- 
rect apparent  time,  the  sights  of  the  instrument  are  in  the  true 
meridian.  In  this  position  the  declination  of  the  horizontal 
needle  may  be  read  oft'  from  the  graduated  circle.  At  work, 
this  instrument  is  mounted  on  a  light  Jacob-stafi",  or  it  may  be 
held  in  the  hand.  The  Jacob-staff,  although  often  incon- 
venient to  carry,  is  preferable,  as  with  it  the  readings  are  all 
taken  at  the  same  height  above  the  ground,  and  the  levelling 
is  more  exact  and  steady.  In  a  correctly  constructed  instru- 
ment, with  good  time,  the  readings  may  be  made  to  half  a 
degree.  Correctness  in  the  time,  however,  is  indispensable  to 
good  work ;  and  this  is  best  secured  by  keeping  a  standard 
watch  in  camp,  and  referring  the  working  watches  to  it  daily. 

The  dip-compass  needs  no  description.  In  geological  work 
that  form  known  as  the  Norwegian,  in  which  the  needle  is  piv- 
oted on  a  universal  joint,  is  not  so  useful  as  the  type  in  which 
the  needle  is  rigidly  confined  to  one  plane.  In  taking  the  read- 
ings, this  plane,  in  which  the  needle  is  free  to  swing,  is  made 
to  coincide  with  the  vertical  plane  determined  by  the  pointing 
of  the  horizontal  needle.  The  circle  is  graduated  to  single  de- 
grees, and,  with  skilful  work  the  readings  are  reliable  to  one  or 
two  degrees.     It  may  be  added  that  the  south  end  is  weighted 
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in  order,  either  partly  or  completely,  to  balance  the  vertical  com- 
ponent of  the  earth's  force.  It  was  found  better  not  to  balance 
it  completely,  but  only  to  such  an  extent  that  the  north  end  of 
the  needle  would  dip  about  10°  (the  graduation-zeros  being 
horizontal)  in  an  area  removed  from  local  disturbances.  It  is 
no  doubt  desirable  that  all  the  dip-needles  used  in  the  same 
work  should  be  brought  to  approximately  the  same  index-error, 
in  order  that  the  readings  may  be  more  directly  comparable. 
In  practice,  however,  it  was  found  quite  impossible  to  keep  our 
three  needles  in  unison,  on  account  of  the  rough  usage  to  which 
they  were  unavoidably  subjected.  As,  however,  the  form  of  the 
dip-curves  is  really  the  object  sought,  and  since  these,  in  the 
presence  of  considerable  disturbances,  are  sensibly  independent 
of  small  differences  in  the  index-error,  it  is  not  indispensable 
that  the  needles  should  be  exactly  together. 

These  instruments  are  simple,  and,  of  course,  do  not  give 
precise  results.  But  the  observations  are  rapidly  and  cheaply 
made,  and  to  a  sufficient  degree  of  accuracy  for  the  end  in 
view.  It  must  be  stated  again  that  the  object  is  to  detect  and 
compare  relative  magnetic  disturbances,  and  to  find  out  the 
bearing  of  these  disturbances  on  the  distribution  and  attitude 
of  the  rocks  which  produce  them.  For  this  purpose  the  in- 
struments are  exceedingly  well  adapted. 

The  field-work  was  carried  out  by  parties  of  two  men  each, 
one  of  whom,  a  skilled  woodsman,  carried  along  the  line  and 
observed  the  horizontal  needle,  while  the  other  read  the  dip- 
needle,  kept  the  notes  and  attended  to  the  geology.  Accord- 
ing to  the  general  plan  of  the  field-work,  a  series  of  parallel 
lines  was  run  either  north  and  south,  or  east  and  west,  across 
each  section.  The  direction  of  the  lines  of  travel  was  chosen 
so  as  to  cut  the  strike  of  the  rocks  at  the  largest  angle.  The 
probable  direction  of  strike  for  each  day's  work  could  be  in- 
ferred in  advance  from  what  had  gone  before.  If  it  were  more 
nearly  north-and-south  than  east-and-west,  the  traverse  lines 
were  run  east-and-west,  and  vice  versa.  These  directions  were 
in  many  cases  not  the  most  desirable  for  the  magnetic  work 
alone,  but  the  choice  was  practically  limited  by  the  lines  of  the 
United  States  Land  Survey,  which  give  for  each  square  mile 
eight  points  of  departure  (at  the  four  corners  and  four  quarter- 
posts  of  each  section),  which  are  generally  identifiable  on  the 
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ground.  On  these  lines  of  travel  the  instruments  were  read  at 
various  intervals,  from  5  or  10  to  100  paces,  depending  upon 
the  local  complications.  The  intervals  between  the  lines  varied 
from  jig^  to  J  of  a  mile,  and  were  determined  not  only  by  the 
magnetic  complications,  but  by  the  character  of  the  surface ; 
it  being  especially  desirable  that  the  ground  should  be  so  closely 
covered  that  no  outcrop  could  escape  detection.  The  distances 
along  and  off  the  lines  of  travel  were  measured  by  pacing.  The 
general  accuracy  of  the  pacing  is  remarkable,  and  is  essentially 
within  the  platting  error  of  the  scale  of  the  maps.  The  average 
closing  error  for  August,  1892,  during  which  about  100  miles 
of  traverse-lines  were  run,  was  20  paces  per  mile,  or  1  per  cent. 
Two-thirds  of  the  errors  averaged  10  paces  per  mile,  or  1  in 
200,  while  the  maximum  was  1  in  30.  But  this  was  better 
than  the  average  for  the  season. 

The  observations  at  each  station  consisted  in  a  reading  of  the 
horizontal  and  dip-needles.  When  there  were  no  local  mag- 
netic disturbances  in  "the  neighborhood  the  horizontal  needle 
would  come  to  rest  in  the  magnetic  meridian,  which  in  this 
region  is  about  iS".  2°— 3°  E.,  or  almost  coinciding  with  the 
true  meridian.  The  dip-needle,  when  held  in  thes  ame  merid- 
ian, would  indicate  the  index-error.  When,  however,  disturb- 
ing material  was  present  the  horizontal  needle  would  point  to 
the  east  or  west  of  the  magnetic  meridian,  at  an  angle  deter- 
mined by  the  direction  of  the  resultant  of  the  horizontal  com- 
ponents of  the  earth's  and  the  local  forces.  The  dip-needle 
would  come  to  rest  in  the  same  vertical  plane,  at  an  angle  with 
the  horizon  determined  by  the  amount  and  direction  of  the 
three  forces,  the  whole  pull  of  the  earth's  force,  the  whole  pull 
of  the  local  forces,  and  the  balancing  weight,  and  in  general 
would  show  a  downward  deflection.  After  making  and  record- 
ing the  set  of  observations  at  a  station  the  party  proceeded  to 
the  next,  and  so  on  to  the  end  of  the  day.  At  the  end  of  each 
day,  or  as  soon  as  possible  afterwards,  the  day's  work  was 
platted  on  a  large-scale  map,  on  which  the  readings  of  the  hori- 
zontal needle  were  represented  by  short  arrows  drawn  through 
the  stations,  turned  east  or  west  of  tlie  true  meridian  as  the 
case  might  be,  and  carrying  the  amount  of  declination  written 
at  the  arrow-point.  The  dip-observ^ations  were  laid  off  to  scale 
immediately  below  the  stations,  measuring  all  from  the  same 
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horizoutal  line,  and  the  points  thus  established  were  connected 
by  a  free-hand  curve. 

Section  V. — Facts  of  Observation  and  General  Principles. 

1.   Observed  Deflections  when  the  Strike  is  North  and  South  and 
the  Dip  Vertical. 

If  a  magnetic  rock,  striking  north-and-south  and  dipping 
vertically,  is  crossed  by  an  east-and-west  traverse,  it  is  found, 
as  the  disturbing  belt  is  approached,  say  from  the  western  side, 
that  the  horizontal  needle  points  towards  the  east  of  north,  and 
that  this  easterly  pointing  gradually  increases  to  a  maximum. 

Fig.  I 
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Continuing  east  from  the  maximum  point  the  easterly  declina- 
tion decreases,  and  soon  a  station  is  reached  at  which  the  needle 
points  due  north.  Still  farther  east  the  declination  changes  to 
westerly,  and  soon  thereafter  reaches  a  westerly  maximum,  be- 
yond which  again  the  westerly  pointing  in  its  turn  gradually 
decreases,  until  finally  the  needle  reaches  its  normal  easterly  de- 
clination, after  passing  through  a  second  zero.  The  dip-needle 
readings  at  the  same  stations  generally  increase  slowly  at  first, 
and  then  rapidly,  and  soon  reach  a  maximum  at  the  first  zero- 
point  between  the  converging  arrows ;  beyond  this  to  the  east 
they  decrease  correspondingly,  so  that  the  dip-curve  is  sym- 
metrical east  and  west  of  the  maximum.  These  statements 
will  be  made  clear  by  a  reference  to  Fig.  1,  which  represents 
an  actual  traverse  in  T.  45  K,  R.  31  W. 

2.  Deflections  of  the  Horizontal  Needle. 

Let  us  now  study  these  results  more  closely  and  see  the 
reasons  for  this  peculiar  behavior.  It  has  been  shown  that 
there  is  good  reason  to  believe  that  the  magnetic  rocks  are  made 
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up  of  sheaves  of  small  magnets,  the  south  poles  of  which  are  all 
situated  at  or  near  the  rock-surface,  while  the  north  poles,  when 
the  rocks  stand  at  high  angles,  are  carried  far  below  the  sur- 
face, so  that  they  exert  no  influence  upon  the  compass-needles ; 
and  furthermore  it  has  been  assumed  that  equal  superficial  areas 
of  these  rocks  contain  on  the  whole  about  equal  numbers  of 
these  small  magnets. 

It  is  evident  that,  in  crossing  a  rock-belt  which  stretches 
away  indefinitely  in  both  directions,  only  a  limited  part  of  it 


will  affect  the  readings  on  a  given  cross-section.  Since  the 
pull  of  the  poles  of  a  magnet  on  a  compass-needle  diminishes 
with  the  square  of  the  distance  of  separation,  it  follows  that 
the  limits  to  the  material  that  would  noticeably  disturb  compara- 
tively insensitive  instruments  would  soon  be  reached.  If  we 
consider  for  the  moment  only  the  horizontal  components,  and 
call  (Fig.  2)  the  distance  a  at  which  the  needle  would  respond 
to  the  attraction  of  material,  possessing  the  magnetic  force  of 
that  with  which  we  are  dealing,  then  at  any  station,  P,  the 
material  inside  a  circle  drawn  with  P  as  a  center  and  radius  a 
(shaded  in  the  figure)  would  exert  force  on  P,  the  material  out- 
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side  would  not.  If  the  circle  drawn  from  a  station,  P',  does  not 
reach  to  the  magnetic  belt,  the  needles  at  P'  will  not  be  dis- 
turbed.* 

For  reasons  of  symmetry  it  is  seen  that  the  attraction  of  the 
mao-netic  belt  would  act  alonsr  the  line  P  N,  drawn  throuii'h  P 
perpendicular  to  the  strike  of  the  rock.  Since  there  is  as 
much  material  on  one  side  of  this  line  as  there  is  on  the  other, 
the  components  perpendicular  to  it  will  balance  each  other,  and 
the  instruments  at  P  will  be  affected  exactly  as  if  all  the  at^ 
tracting  material  were  concentrated  along  this  line.  The  hori- 
zontal needle  will  take  a  position  in  the  line  of  the  resultant  of 
the  two  forces  which  act  upon  it — namely,  the  horizontal  compo- 
nent of  the  earth's  magnetism  (which  acts  in  the  line  of  the 
magnetic  meridian)  and  the  horizontal  component  of  the  ma- 
terial within  the  circle  of  attraction  (which  acts  along  the  line 
P  N).  The  force  which  deflects  the  needle  from  its  general 
local  direction  is  the  component  along  P  N,  and  it  is  evident 
that  the  greater  this  component  the  greater  will  be  the  deflec- 
tion of  the  needle,  since  the  direction  in  which  it  acts  always 
remains  the  same  at  all  stations  for  any  given  direction  of 
strike  of  the  rock.  For  if  ^5  is  the  strike  of  the  rock  measured 
from  the  north,  and  II  and  H'  are  the  horizontal  components 
of  the  earth's  and  the  rock-force  respectively,  it  is  readily  shown 
that  8,  the  angle  of  deflection  of  the  horizontal  needle  at  any 
station,  P,  is  given  by  the  equation : 

,       .  cos  /? 

tan3=      _ ^^^ 

From  this  equation  it  is  easily  seen  that,  no  matter  how  great 
may  be  the  horizontal  component  of  the  force  of  the  magnetic 
rock,  the  horizontal  needle  cannot  be  deflected  past  the  normal. 

As  P  moves  towards  the  magnetic  belt  the  horizontal  com- 

*  The  actual  distances  at  which  disturbances  of  the  needles  can  be  detected  are 
exceedingly  variable,  since  they  depend  (as  will  be  shown  hereafter)  not  only 
upon  the  litliological  character  of  the  magnetic  formation,  but  also  upon  its 
strike,  dip,  tliickness,  extent  and  nearness  to  the  surface.  One  formation  in  which 
all  tlie  conditions  are  exceptionally  favorable  distinctly  deflects  the  dial-compass 
needle  at  a  distance  of  3h  miles. 
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ponent  at  first  increases,  and  with  it  the  westward  deflection  of 
the  needle.  Finally,  the  maximum  westerly  deflection  is  reached, 
beyond  which  the  needle  begins  to  return ;  it  is  evident,  there- 
fore, that  at  this  point  the  horizontal  component  has  reached  a 
maximum  value. 

3.  Deflections  of  the  Dip-Needle. 

The  balanced  dip-needle  (i.e.,  without  index-error),  in  an  area 
of  no  local  disturbance,  is  in  equilibrium  under  the  action  of 
two  couples,  viz. :  the  vertical  component  of  the  earth's  mag- 
netism, and  the  added  weight.  When  displaced  from  the  posi- 
tion of  equilibrium,  the  horizontal  couple  restores  it. 


Fig.  3 


In  Fig.  3  let  PP  be  a  balanced  dip-needle  which  has  been 
displaced  through  the  angle  a.  At  the  two  poles  the  attraction 
■and  repulsion  of  the  earth's  magnetism  may  be  resolved  into 
horizontal  and  vertical  components,  H  and  V. 

Taking  moments  about  C,  we  have,  if  a  =  0,  the  needle  in 
equilibrium  under  the  couples, 

Y  .2h  —  mg  .a  =  0, 

where  26  =  PP,  mg  =  the  added  weight,  and  a  its  distance 
from  the  center. 

If  depressed  through  the  angle  a  the  left>hand  couple  H.  26. 
sin  a  comes  into  play,  and  tends  to  carry  the  north  end  of  the 
needle  upward.  When  a  =  0,  this  couple  reduces  to  0.  When 
a  changes  sign,  or  the  north  end  of  the  needle  passes  above  the 
horizontal  line,  H  .  26.  sin  a  becomes  a  right-hand  couple,  and 
acts  to  depress  the  north  end  of  the  needle.  So  the  needle  will 
finally  come  to  rest  through  friction  in  the  horizontal  line, 
where  «  =:  0. 

If  this  needle,  so  balanced,  is  carried  to  a  station  within  the 
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influence  of  a  magnetic  rock,  its  dip  will  be  (leterniined  by  tlie 
composition  of  the  new  forces  with  the  old.  The  vertical  plane 
will  be  that  in  which  the  horizontal  needle  points  at  the  same 
station.  The  equations  above  give  ns  a  ready  means  of  deter- 
mining the  angle  of  dip  in  terms  of  all  the  forces. 

Suppose  the  needle  finally  comes  to  rest  at  the  angle  a  with 
the  horizontal  (the  north  pole  being  depressed).     Then 

V^  .2b .  cos  a  —  ynga  cos  a  —  H^ .  26.  sin  a  =  0,         .     (2.) 

where  11^  and  V^  signify  the  resultants  of  the  horizontal  and 
vertical  components  of  the  earth's  force  and  the  local  force. 
Equation  (2)  is  easily  reduced  to 

26.  V^  —  mga,  . 

If  the  dip-needle  is  not  balanced,  but  has,  where  there  is  no 
local  disturbance,  a  constant  index-error  0  (measured  from  the 
horizontal),  it  is  readily  seen  that 

26  .  V  - —  mga 
'""'  =  — W7-K-'- W 

where  H  and  V  are  the  horizontal  and  vertical  components  re- 
spectively of  the  earth's  force.  In  an  area  of  local  disturbance 
the  angle  of  dip,  a,  is  given  by  equation  (3).  Since  V  and  Y' 
always  act  in  the  same  line, 

Substituting  this  and  the  value  of  mga  from  equation  (4), 
equation  (3)  becomes 

±V'  +  H  tan  d  ,.  . 

tan  a  z= L  .....     (5.) 

If  the  index-error  is  <?',  and  the  corresponding  deflection  a', 
we  have 

tan  a  _  db  V  -\-lltan  d 
"tan  a'  ~  ^y'^B.tane' 
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Therefore  at  the  same  station,  the  greater  the  index-error, 
the  greater  is  the  angle  of  dip  in  the  same  or  two  similar  in- 
struments. It  is  also  evident  that  the  greater  the  vertical 
component  of  the  pull  of  the  rock,  the  less  will  be  the  difference 
between  the  deflections  in  the  two  cases. 

From  an  inspection  of  equation  (5)  it  is  seen  that  tan  a  =  oo  , 
or  a  ^  90°,  only  when  H,.  ^  0.  H,.,  which  is  the  resultant  of 
the  two  horizontal  components,  H  and  H',  of  the  earth's  and 
the  rock-force,  is  in  general  given  by  the  equation 


H,=  v/  H2  +  H'2±  2  H  H'  sm/S, 
where  /?  is  the  strike  of  the  rock  measured  from  the  north.  H^  can 
therefore  equal  zero  only  when  /?=  ^,  or  the  rock  strikes  east 
and  w^est,  and  at  the  same  time  H'  is  numerically  equal  to  H, 

Fig.  4 


and  acting  in  the  opposite  direction.  Dips  of  90°  cannot  occur 
in  other  cases,  no  matter  how  strong  the  magnetic  force  of  the 
rock  may  be.  It  is  also  evident  that  in  general  H^  has  its  mini- 
mum value  when  11':=  —  H  sin  y9.  When  the  rock  strikes 
north  and  south,  or  jS  =  0,  H^  is  a  minimum  when  H'  =  0. 

4.    Horizontal  and  Vertical  Components  When  the  3Iagnetic  Rock 

Dips  Vertically/. 
Let  us  now  determine  the  horizontal  and  vertical  components 
of  the  rock-force,  assuming  that  the  magnetic  rock  has  a  uni- 
form strike  in  any  direction,  a  vertical  dip  and  a  surface-width 
or  thickness  equal  to  2a. 
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In  Fig.  4  S  ...  S'  is  the  plane  of  the  surface  of  the  ground, 
and  R  .  .  .  R'  the  plane  of  the  rock-surfaee.  F  .  .  .  F  is  the 
magnetic  formation,  which  is  cut  hv  the  vertical  plane  S  S  R  R, 
passed  normal  to  the  strike  of  the  rock  through  any  station  of 
observation  P.  0  is  the  middle  point  of  the  magnetic  forma- 
tion at  the  intersection  of  this  plane  with  the  rock-surface,  and 
is  the  origin  of  co-ordinates.  0  X  and  0  Y  lie  in  the  rock-sur- 
face, respectively  perpendicular  and  parallel  to  the  strike,  and 
O  Z  is  measured  vertically  upwards.  Oil  =^  Ais  the  depth  of 
surface-covering  over  the  rock-surface,  and  is  assumed  to  be 
uniform.  Since  the  magnetic  formation  dips  vertically,  its 
magnetic  force  is  seated  in  its  upper  surface,  and  attracts  the 
north-ends  of  the  compass-needles.  If  M  is  any  point  of  this 
surface,  the  co-ordinates  of  which  are  x  and  y,  then,  if  <«  is  a 
constant,  the  pull  of  the  elementary  area  at  M  on  the  north  end 
of  a  compass-needle  at  P  is, 


d  M 


dx  du 


where  />  =  MP.     If  M' MP  =:  4',  the  horizontal  and  vertical 
components  of  this  pull  in  the  plane  M'MP  are 

J  jr u)  dx  dy  sin  (}> 

7 

1  y-f o)  dx  dy  cos  4' 

7 

The  resolved  part  of  dH  perpendicular  to  the  strike  is 
1  jTf wdx  .dy  .  sin  4'  cos  y. 

If  Q'QP  =  ^r'^QP=:pt^  HOP  ^  ^^  and  OP  =  r,  we  have, 

„  •     ,       (/«'  —  A'O^  ,       h  p'  sin  a>' 

sin  4>  =  ^ ''  cos  4'  =  ^-  cos  y  =  i P-- ; 

P         '  p'  {p^—hy 

p'  sin  if'  =  h  tan  <p  —  x. 

H' /•  /»      dx  dy  (A  tan  <p  —  x) 


^  h' /•  /»      ax  a 


[h'  -f-  (A  tan  <p  —  xf  +  /] 
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V iff  dx  dy 

w  J  J   [K'  +  {h  tan  <p  — x)'  -f-  y'Y 

Integrating  first  with  respect  to  y  between  -\-  oo  and  —  oo,  and 
then  with  respect  to  x  between  +  a  and  —  a,  we  have 

R'  _  1      'h?  ^  {h  tan  <p  +  ay 
~m  ^^  K'  +  \h  tan  <p  —  a)' 

YL=2ltan-^  htcin  <;'-}- a  _^^^_,htan^-al 
*«  I  h  h         j 

If  X  =  h  tan  ^,  and  now  refers  to  P,  these  equations  may  be 
written 


£'  =  log  ^'  +  (^  +  «)' 

<»  h'  +  {X  —  af 


(6.) 


V       o/v         ,x-\-  a       ^  X  —  a\  f^. 

w 

In  equation  (6)  — =  0  when  x  =  0 ;  and  it  therefore  follows 

that  a  point  of  no  deflection  of  the  horizontal  needle  is  found 
vertically  over  the  middle  point  of  the  magnetic  rock.  It  is 
also  evident  that  at  corresponding  stations  on  opposite  sides  of 
the  middle  point,  the  horizontal  components  are  equal,  but  act 
in  opposite  directions. 

To  obtain  the  points  of  maximum  or  minimum  values  of 
the  horizontal  component,  we  diiferentiate  the  right-hand  side 
of  equation  (6)  with  respect  to  x,  and  place  the  result  equal 
to  zero.     This  gives 


:K=±|/A'  +  a-^         .         .         .     (8.) 

which  determines  the  two  points,  at  equal  distances  from  0  on 
opposite  sides  of  the  rock,  at  which  the  horizontal  component 
has  maximum  values.  "Writing  for  x  the  measurable  distance 
dy  and  squaring,  we  have 

d^=U-^a^      .         .         .         (9.) 

The  thickness  of  the  magnetic  formation  is  therefore  always 
less  than  the  distance  between  the  points  of  maximum  hori- 
zontal deflection,  except  when  h  =  0,  or  the  rock  is  uncovered. 
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in  which  case  the  thickness  and  the  separation  of  the  maxima 
are  the  same. 

By  differentiating  the  right-hand  side  of  (7),  with  respect 
to  T,  it  is  easy  to  show  that  Y'  has  a  maximnm  vahie  when 
X  ^  0.  When  the  rock  strikes  north  and  south  this  also  cor- 
responds to  a  minimum  value  of  H^,  as  has  already  been  shown ; 
and,  therefore,  by  a  reference  to  equation  (5)  it  is  readily  seen 
that  a  point  of  maximum  dip  coinciding  with  a  point  of  no 
horizontal  deflection  is  in  that  case  found  over  the  middle  plane 
of  the  buried  magnetic  rock. 

Where  the  strike  is  inclined  to  the  meridian,  the  points  of 
maximum  dip  and  zero  deflection  will  not  coincide,  since  the 
maximum  value  of  V  does  not  occur  at  the  same  station  as  the 
minimum  value  of  H^.  As  has  been  already  shown,  Hr  is  a 
minimum  when  H'  =H  sin  /3  (/3  being  the  angle  of  the  strike), 
and  this  is  in  general  on  the  side  of  the  rock  on  which  the 
angle  made  with  an  east  and  west  traverse  is  obtuse.  The 
point  of  maximum  dip  will  be  situated  on  the  same  side  of  the 
rock  between  this  station  and  the  point  of  no  horizontal  deflec- 
tion, and  will  approach  the  latter  as  the  strike  approaches  the 
meridian,  and  also  as  V  increases  relatively  to  H'.  With 
strongly  magnetic  rocks  the  points  of  no  deflection  and  maxi- 
mum dip  practically  coincide  on  maps  platted  to  the  scale  of  4 
inches  to  the  mile,  except  where  the  strike  is  nearly  east  and 
west. 

5.  Horizontal  and   Vertical  Components   When  the  Magnetic  Rock 
Dips  at  amj  Angle. 

In  the  last  article  it  was  assumed  that  the  magnetic  rock  was 
dipping  vertically,  and  that  it  continued  indefinitely  downward 
at  this  angle.  In  consequence  of  this  assumption,  and  also  of 
the  conception  of  the  manner  in  which  magnetism  is  distributed 
through  the  magnetic  rocks,  it  has  been  concluded  that  the 
north  poles  of  the  rock,  which  repel  the  north  end  of  the 
compass-needle,  are  situated  so  far  below  the  surface  that  their 
eflfect  may  be  neglected.  Therefore  we  have  taken  into  account 
only  the  south  poles,  which  are  situated  at  the  rock-surface. 

In  the  case  of  rocks  which  do  not  dip  at  high  angles  this 
assumption  cannot  safely  be  made,  and  the  influence  of  the 
bottom  poles  must  be  taken  into  account.     Since  the  force  of 
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these  poles  acts  in  opposite  directions  from  that  of  the  upper 
poles,  and  since  they  are  more  deeply  buried,  it  would  seem 
that  their  influence  in  general  must  be  to  diminish  the  total 
force  which  acts  upon  the  needles  at  any  station,  and  therefore 
that  the  deflections  both  of  the  horizontal-  and  dip-needles, 
caused  by  the  same  rock,  should  be  less  in  amount,  ceteris 
jmribus,  where  that  rock  dips  at  a  low  angle,  than  where  it  dips 
at  a  hio^h  ang'le. 

In  the  course  of  the  field-work  certain  peculiar  deflections  of 
the  needles  were  encountered  in  traverses  across  rocks  dipping 
at  moderate  or  low  angles.  These  were  not  thoroughly  under- 
stood at  the  time ;  but  the  cause  was  believed  to  be  connected 


Fig.  5 


with  the  angle  of  dip  of  the  rock.  For  example,  it  was  found 
along  traverses  crossing  certain  north-and-south  striking  rocks, 
which  were  known  to  have  a  westerly  dip  that  may  have  been 
either  high  or  low,  that  the  two  points  of  maximum  deflection 
of  the  horizontal  needle  were  not  situated  at  equal  distances 
from  the  point  of  no  deflection  between  them,  but  that  the  dis- 
tance of  the  western  maximum  was  much  the  shorter.  It  hap- 
pens that  in  this  region  no  east-dipping  rocks  occur  which  are 
so  far  removed  from  other  magnetic  formations  as  to  be  out  of 
range  of  their  possible  influence,  but  so  far  as  they  go,  traverses 
across  these  showed  that  the  nearer  maximum  was  situated  on 
the  eastern  side  of  the  point  of  no  deflection.  It  therefore 
seemed  probable  that  the  cause  of  the  inequality  in  the  distances 
from  the  zero-point  to  the  maxima  was  the  dip  of  the  rock, 
and  that  the  dip  was  in  the  direction  of  the  nearer  maximum. 
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In  Fig.  5  S  ...  S'  is  the  surface  of  the  ground,  andR  .  .  .  R' 
the  rock-surfiice,  which  is])uried  to  the  uniform  depth  011=  h. 
0  L  F  F'  is  the  magnetic  formation,  dipping  to  the  riglit  at  the 
angle  A,  and  having  a  surface-width  across  the  strike  of  0F^=  b. 
Tan  j=r:A.  SSRRisa  vertical  plane  through  any  station  of 
observation,  P,  and  normal  to  tlie  strike  of  the  magnetic  rock. 
0,  at  the  intersection  of  this  plane,  the  lower  surface  of  the 
rock,  and  the  rock-surface,  is  the  origin  of  co-ordinates,  which 
are  positive  in  the  directions  given  in  the  figure.  It  is  assumed 
that  the  upper  surfaces  of  the  rock,  0  F  F'  L'  and  F  F  F',  attract 
the  north  end  of  a  compass-needle  held  at  P,  while  the  lower 
surface,  O  L  L',  repels  it. 

Proceeding  as  in  the  last  article,  it  is  easy  to  show  that  the 
components  of  the  rock-force  which  deflect  the  compass-needles 
at  P,  are 

H'        r  r        dx  dy  (Ji  tan  (p  —  x) 


J  J    \K' 


+// 


[A'  +  {h  tan  f  —  x)'  -f  y'']  ? 
dx  dy  (h  tan  (p  —  x) 


-fS 


+  // 


[(/i  -^  A  :c  —  A  by  +  (A  tan  <p  —  x)'  -{-  f]  ^ 

dx  dy  (h  tan  (p  —  x) 
\{h  -^  kxy  +  Qi  tan  ^  _  x)'  +  j/^]? 

y  _    C  r  hdx  dy 

^~JJ    \}f  -f  {h  tan  (p  —  xf  +  y^^ 
dx  dy  (h  -\-  k  X  —  k  b) 
^(h  ^  kx  —  kl)f  +  {h  tan  (p  —  xf  -f  y^']  ^ 

dx  dy  (h  -(-  k  x) 


IS 


[(A  -^  kxy  -\-  (A  tan  f  —  xy  -[-  y^]  ? 


Integrating  first  with  respect  to  y  between  -f-  oo  and  —  oo, 
and  then  with  respect  to  x  between  b  and  0  for  the  first  terms 
in  each  equation ;  between  oo  and  b  for  the  second  terms ;  and 
between  go  and  0  for  the  third  terms,  and  finally  writing  x  for 
A  tan  <p,  we  get: 

H'  k         J         h'  -\-x'         ,2/1 


1+k'       -'li'-jr  {x  —  by         1  -f  k:' 

.        ,     X  —  b — kh         ,        .  X  —  k]l^  . 

tan-^ — tan-^     \  .     (10.) 

kx  —  kb-{-h                  kx  +  hi  ^      ' 


VOL.  XXVI. — 43 
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—  ^2}  tan-'^  -  —  tan  ~^ 

<o  \  h  h 

X_  h'  +  X'  2 

+ 1  +  A'^  .^^^  A'^  +  (X  —  by  +  T+T^ 

I  te.z  -1  A(lH-^'0-^(l  +  :._)  _  ^^^  _ ,    ^  +  ^A--^  1  n  1.) 
I  /l'^  (1  +  :r)  A  —  U  +  >l  X  J  ^      ^ 

If  A  ^  00,  and  the  co-ordinates  are  referred  to  axes  in  the  mid- 
dle of  the  rock,  these  equations  reduce  to  equations  (6)  and  (7). 

By  differentiating  the  right-hand  side  of  equation  (10),  plac- 
ing the  result  equal  to  zero,  and  solving  for  x,  the  positions  of 
the  stations  at  which  H'  is  a  maximum  may  be  determined. 
This  gives  : 


;.  6  +  2A      (;.-^  b'  H-  4x'  h'  +  4/*^)'- 


(12.) 


2A  2/1 

Calling  the  difference  of  the  roots,  or  the  measured  distance 

2a 
between  the  maxima,  2d,  and  substituting  for  b  its  value  — — 7, 
'      '  ^  sin  ^ 

2a  being  the  true  thickness  of  the  rock,  we  have, 

df=1^ (13.) 

Sin'  A  ^      ' 

For  rocks  of  high  dip  the  distance  between  the  maximum  points 
is,  therefore,  but  little  greater  than  it  would  be  were  the  dip 
vertical ;  and  it  increases  inversely  as  the  angle  of  dip. 

A  general  algebraic  determination  of  the  points  at  which  W 
is  0,  and  V  is  a  maximum  is  impossible,  since  it  involves  the 
solution  of  equations  of  a  degree  higher  than  the  fifth.  By  as- 
suming numerical  values  for  ^^  h,  and  a  (or  6),  however,  curves 

H'  V 

expressins:  the  relations  between    —  and  —    and  x  can    be 

plotted,  from  which  the  maximum  and  zero-points  can  be  de- 
termined in  any  desired  number  of  special  cases. 

Let  us  first  assume  that  /  =  3  (or  that  the  rock  dips  at  an 
angle  of  about  71°  34'),  h  =  2,  and  «  =  6.     The  ordinates  to 

///  V' 

the  curves  of  Fig.  6  give  the  values  of  —  and  —  correspond- 
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H' 

ino;  to  different  values  of  x.     The  ordinates  to  —  do  not  repre- 

O  ID 

sent  the  deflections  8  of  the  horizontal-needle  from  the  merid- 
ian, but  quantities  that  are  connected  with  those  deflections 
by  equation  (1), 

cos  ^ 


tan  S  = 


The  deflections  therefore  vary  as  H'  varies,  and  will  have 
maximum  and  minimum  values  at  the  same  points. 


Fig.  6 


From  this  figure  it  appears,  first,  that  the  nearer  maximum 
is  situated  on  the  dip  side  of  the  rock;  secondly,  that  the 
point  of  no  deflection  is  not  over  the  middle  plane,  but  is  nearer 
the  upper  edge ;  thirdly,  that  the  horizontal  force  of  the  rock 
is  numerically  less  at  the  nearer  than  at  the  more  distant  maxi- 
mum ;  and  fourthly,  that  the  distance  between  the  maximum 
points  is  nearly  the  same  for  the  inclined  rock  as  for  the 
vertical. 

In  Fig.  7  the  constants  have  the  same  numerical  values  as 
before,  except  A,  which  now  =  4  instead  of  2.  The  rock  is 
thus  buried  to  twice  the  depth  of  the  former  case.  The  same 
conclusions  are  true  for  this  case  as  for  the  first.     The  zero- 
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point  is  still  nearer  the  upper  edge  of  the  rock,  and  the  maxima 
are  farther  apart. 

Let  it  next  be  assumed  that  ).^  0.5  (or  that  the  rock  dips  at 
an  angle  of  about  26°  34'),  A  =  2,  and  a  =  6.  These  data  lead 
to  the  curves  of  Fig.  8,  in  which,  as  in  the  case  of  the  rock  of 
higher  dip,  the  maximum  points  are  unsymmetrical  to  the  point 
of  no  deflections,  the  nearer  lying  on  the  dip-side. 

In  Fig.  9  we  have  a  rock  of  the  same  thickness  and  dip  at  a 
depth  A  =:  4 ;  and  the  same  conclusions  hold. 

From  these  four  curves,  which  represent  formations  dipping 
at  high  and  moderately  low  angles,  and  buried  to  depths  which 
are  in  the  one  case  small  and  in  the  other  great,  relatively  to  the 
thickness,  it  is  probably  safe  to  draw  the  following  general  con- 
clusions : 

Fig.  7 


1.  The  direction  of  dip  of  a  magnetic  formation  is  towards 
the  nearer,  and  (for  north-and-south  striking  rocks)  the  numeri- 
cally smaller  maximum. 

2.  The  point  of  no  deflection  between  the  converging  maxima 
is  not  situated  over  the  middle  plane  of  the  formation,  but  is 
nearer  the  upper  edge.  But  with  increasing  depth  and  dimin- 
ishing angles  of  dip,  this  point  may  pass  beyond  the  upper 
edge. 

3.  In  the  case  of  the  rock  of  higher  dip.  Figs.  6  and  7,  the 
deflections  of  the  horizontal-needle  on  the  dip-side  are  less,  and 
on  the  other  side  are  greater,  than  they  would  be  if  the  rock 
were  vertical.     In  the  case  of  the  rock  of  lower  dip  they  are 
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less  Oil  both  sides  for  a  moderate  depth  of  burial,  while  for  a 


greater  depth  they  follow  the  same  law  as  the  rock  of  higher  dip. 
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4.  With  slightly  inclined  rocks,  for  moderate  depths  of  sur- 
face-covering, the  disturbances  are  spread  out  over  a  much  wider 
zone  on  each  side,  and  the  maxima  are  less  sharp,  particularly 
the  maximum  on  the  dip-side.  Under  these  circumstances  irreg- 
ular and  anomalous  deflections  would  be  expected  in  practice, 
as  will  be  seen  in  the  following  sections. 

5.  The  curves  of  the  vertical  component  show  maximum 
values  near  the  zero-value  of  the  horizontal  component  only  in 
the  case  of  the  rock  of  high  dip.  In  the  case  of  the  rock  of 
lower  dip,  the  vertical  component  has  a  negative  value,  or  is 
directed  upward  over  a  wide  zone  on  the  side  of  the  rock  oppo- 
site to  the  dip-side.  Over  this  zone  the  readings  of  the  dip- 
needle  will  be  less  than  normal,  or  even  negative  if  V  > 
H  tail  6.     This  is  in  accordance  with  the  facts  of  observation. 

6.  Determination  of  Depth. 

The  relations  between  the  dip  and  thickness  of  a  magnetic  rock, 
the  distance  between  the  horizontal  maxima,  and  the  depth 
of  covering  are  given  in  equation  (13).  By  assuming  numeri- 
cal values  for  J,  and  either  for  a,  the  half-thickness  of  the  rock, 
or  for  d,  the  half-distance  between  the  maximum  points,  it  is 
easy  to  plot  the  curve  which  expresses  the  relations  between 
the  other  two  quantities.  If  d  is  taken  as  the  constant,  the 
equation  represents  a  circle ;  if  «,  it  represents  a  hyperbola. 

This  equation  may  have  a  useful  application  in  making  it 
possible  to  judge,  in  advance  of  actual  test-pitting,  of  the  probable 
depth  of  surface-covering  over  a  magnetic  rock,  for  which  the 
original  assumptions  are  fulfilled,  and  the  numerical  values  of  ^, 
a  and  d  are  determinable.  It  will  be  remembered  that  the  as- 
sumptions upon  which  equation  (13)  rests  are  the  fundamental 
ones  of  Section  III.,  and  also  that  the  rock  has  a  uniform  strike. 
In  practice,  the  uniformity  of  the  strike  can  be  established 
by  other  traverses  on  each  side  of  the  one  in  question,  and  J, 
the  angle  of  dip,  may  usually  be  determined  by  the  outcrop  of 
other  formations  in  the  same  series. 

For  any  practical  application  it  is  also  necessary  that  a  (half 
the  thickness  of  the  rock),  and  d  (half  the  distance  between 
the  stations  at  which  the  horizontal  component  is  a  maximum), 
should  be  known.  From  an  inspection  of  the  equation  it  is 
evident  that  any  close   determination  of  A,  except  for  great 
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depths  of  covering,  depends  upon  very  precise  knowledge  of 
the  ratio  between  a  and  d.  The  practical  difHculties  in  the 
way  of  the  nieasurenient  of  a^  and  the  ever-present  probability 
that  the  rock  may  vary  from  point  to  point,  not  only  in  actual 
but  in  efi'ective  magnetic  thickness  (which  is  what  a  actually 
signifies),  make  it  clear  that  for  the  most  part  h  can  only  be 
found  approximately.  Such  variation  may  result  from  unequal 
distribution  of  magnetite  along  or  across  the  strike,  from  in- 
equalities of  original  deposition  and  subsequent  metamorphism, 
or  from  a  general  swelling  of  the  thickness  due  to  one  or  many 
intrusions  of  non-magnetic  igneous  rock,  the  presence  of  which 
below  a  certain  depth,  as  will  be  seen  hereafter,  cannot  be 
detected.  Also  in  the  case  of  a  rock  striking  due  east  and 
west  the  method  fails,  from  the  fact  that  2d  cannot  be  deter- 
mined on  the  ground. 

The  determination  of  A  is  therefore  hedged  in  with  important 
limitations;  yet  in  many  cases  the  information  supplied  by  the 
equation  may  be  very  useful.  The  difficulties  in  the  way  of  meas- 
uring a  are  disposed  of  in  the  event  that,  along  one  traverse 
on  the  strike  of  the  rock  h  is  known,  as  it  may  be,  by  the  sink- 
ing of  a  test-pit.  This  value  of  h  at  once  gives  a  value  of  a, 
which  may  be  used  on  other  traverses  across  the  same  rock 
with  much  more  accurate  results,  in  the  lack  of  disturbing 
factors,  than  if  a  were  known  only  by  measurement.  It  should 
be  added,  that  when  the  traverse  crosses  the  strike  of  the  mag- 
netic-rock at  the  angle  y,  the  distance  d  measured  on  the  line 
of  the  traverse  must  be  multiplied  by  sin  y,  in  order  to  get  the 
value  of  (/  to  be  used  in  the  determination  of  A,  and  also  that  A 
must  be  corrected  for  the  height  of  the  instrument. 

More  general  information  as  to  relative  depths  of  burial  is 
also  given  by  the  dip-curves.  It  is  easily  seen  that  where  the 
superficial  covering  is  small  the  vertical  component  of  the  rock- 
force  must  remain  small,  except  immediately  over  the  rock. 
This  condition  is,  therefore,  indicated  by  steep  slopes  in  the 
dip-curves.  On  the  other  hand,  where  the  depth  of  covering 
is  considerable,  the  vertical  component  increases  slowly  and 
steadily,  beginning  at  stations  at  a  distance  from  the  rock,  and 
the  resulting  dip-curve  approaches  the  maximum  with  gentle 
slopes. 

7.  Summary. — It  is  desirable,  before  proceeding  to  the  con- 
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sideration  of  special  cases,  to  review  the  results  established  in 
this  section.  We  started  with  a  description  of  the  most  strik- 
ing phenomena  exhibited  by  the  pointings  of  the  magnetic- 
needles  in  a  particular  instance,  i.  e.,  when  the  disturbing  for- 
mation had  a  north-and-south  strike  and  a  vertical  dip.  These 
are :  (1)  the  convergence  of  the  horizontal  needle  towards  the 
rock  for  a  considerable  distance  on  each  side;  (2)  the  occur- 
rence of  two  points  of  maximum  deflection  of  the  horizontal 
needle,  one  corresponding  to  each  direction  of  convergence; 
(3)  the  occurrence  of  one  point  of  no  deflection  of  the  hori- 
zontal needle,  midway  between  these  maximum  points ;  and  (4) 
the  coincidence  of  the  point  of  maximum  dip  with  the  point 
of  no  horizontal  deflection.  It  was  also  shown  that  the  points 
of  maximum  and  zero  deflection  of  the  horizontal  needle  must 
correspond  to  maximum  and  zero  values  of  the  horizontal  com- 
ponent of  the  rock-force. 

We  then  took  the  case  of  a  rock  having  a  uniform  strike  in 
any  direction,  and  a  vertical  dip,  in  which  magnetic  force  was 
distributed  in  accordance  with  the  fundamental  assumptions  of 
Section  III.,  and  the  following  deductions  were  reached  in  con- 
sequence of  the  general  laws  of  magnetism :  (1)  that  the  hori- 
zontal component  of  the  magnetic  force  of  such  a  rock  would 
have  a  zero  value  at  a  station  in  the  middle  plane,  and  two 
maximum  values  at  equal  distances,  one  on  each  side  of  this 
plane;  (2)  that  the  distance  between  these  maximum  points 
might  be  equal  to,  but  in  no  case  could  be  less,  and  is  generally 
greater,  than  the  thickness  of  the  rock,  and  increases  with  an 
increase  in  the  depth  to  which  the  rock  is  buried ;  (3)  that  the 
angle  of  dip  would  have  a  maximum  value  in  or  near  the 
middle  plane  of  the  rock,  practically  at  the  same  station  at 
which  there  is  no  deflection  of  the  horizontal  needle ;  and  (4) 
that  the  depth  to  M'hich  such  a  magnetic-rock  is  buried  is  a 
function  of  the  thickness  of  the  rock  and  the  distance  between 
the  horizontal  maxima,  and  can  be  determined  when  these  are 
known. 

We  next  took  the  general  case  of  a  magnetic  rock  having  a 
uniform  strike,  and  dipping  at  any  angle,  and  showed  that  the 
fact  of  observation,  that  the  two  points  of  maximum  horizontal 
deflection  are  at  unequal  distances  from  the  central  zero,  is  a 
necessary  consequence  of  the  fundamental  assumptions. 
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The  actual  phenomena  are  so  completely  concordant  with  the 
deductions  that  the  inferences  of  Section  III.  are  strongly  for- 
tified, and  the  following  practical  conclusions  may  be  regarded 
as  established : 

(1)  The  strike  of  a  magnetic  rock  is  given  by  the  line  joining 
the  points  on  successive  traverses,  at  which  the  horizontal 
needle  is  not  deflected  from  the  local  meridian  between  the 
converging  arrows,  or  at  which  the  di])-angles  are  a  maximum. 
When  the  rock  is  vertical  this  line  lies  in  the  middle  plane 
of  the  rock  and  fixes  its  position.  It  may  be  called  a  line  of 
magnetic  attraction. 

(2)  The  dip  of  a  magnetic  rock  is  towards  the  nearer  hori- 
zontal maximum. 

(3)  The  thickness  of  the  magnetic  formation  must,  if  buried, 
always  be  less  than  the  distance  between  the  maximum  points. 

Section  VI. — Applications  to  Special  Cases. 

In  the  preceding  section  certain  general  conclusions  have 
been  established  w^ith  regard  to  the  relative  positions  of  the 
stations  at  which  the  horizontal  and  vertical  components  of  the 
force  of  a  magnetic  rock  have  maximum  and  zero-values.  The 
deflections  produced  by  these  components  from  the  positions 
which  the  magnetic-needles  assume  under  the  action  of  the 
earth's  force,  have  maximum  and  zero  values  at  the  same  sta- 
tions at  which  the  components  have  maximum  and  zero  values; 
and  therefore  the  conclusions  as  to  the  relative  positions  of  these 
points  are  true  for  any  angle  of  strike.  But  certain  numerical 
relations  between  the  deflections  depend  upon  the  orientation 
or  strike  of  the  magnetic  formation  and  upon  the  direction  of 
dip,  and  these  wall  now  be  considered. 

1.  The  Magnetic  Hock  Strikes  East  or  West  of  North  and 
Dips  Vertically. 
Let  us  first  take  the  case  of  a  rock  striking  east  of  north. 
At  the  stations  within  range  of  the  local  influence  on  the  east 
side  of  such  a  rock-belt,  the  horizontal  needle  is  pulled  west 
of  the  meridian,  reaches  a  westerly  maximum,  then  points 
north,  then  east  of  the  meridian  and  reaches  an  easterly 
maximum.     The  pointings  of  the  horizontal  needle,  therefore, 
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follow  the  same  general  course  as  before.  It  is  observed,  how- 
ever, that  the  western  deflections  on  the  east  side  of  the  belt 
are  generally  not  so  great  as  the  corresponding  eastern  deflec- 
tions on  the  west  side  of  the  belt.  The  reason  for  this  is  easily 
seen.  At  each  station  east  of  the  belt  the  local  pull  acts  along 
the  normal  to  the  belt  drawn  through  the  station.  This 
normal  makes  with  the  local  magnetic  meridian  an  acute  angle. 
The  needle  will  come  to  rest  within  this  acute  angle  along 
the  line  of  the  resultant  of  the  horizontal  components  of  the 
two  forces,  the  earth's  and  the  local  force,  which  determine 
its  position.  However  strong  the  local  pull  may  be,  the  hori- 
zontal needle  cannot  be  deflected  past  the  normal. 

At  the  corresponding  stations  on  the  west  side  of  the  dis- 
turbing belt  the  local  pull  also  acts  along  the  normal  from  the 
station  to  the  belt  and  has  the  same  numerical  value.  But  in 
this  case  the  normal  makes  an  obtuse  angle  with  the  magnetic 
meridian.  For  two  points  equally  distant  from  the  magnetic 
belt,  one  on  the  east  and  the  other  on  the  west,  the  result- 
ant for  the  western  point  will,  therefore,  make  a  larger  angle 
with  the  meridian  than  that  for  the  eastern. 

On  the  other  hand,  when  the  rock  strikes  west  of  north,  it 
is  observed  that  the  horizontal  deflections  are  greater  on  the 
east  side  than  on  the  west,  and  the  explanation  is  entirely  simi- 
lar to  that  given  above. 

The  dip-needle  observations  at  the  same  stations  show  gen- 
eral phenomena  quite  like  those  in  the  case  in  which  the 
strike  of  the  rock  coincided  with  the  meridian.  They  gradu- 
ally increase  to  a  maximum  near  the  station,  where  the  hori- 
zontal needle  stands  at  zero  between  the  converging  arrows, 
and  gradually  decrease  from  this  maximum  on  the  other  side. 
It  is  noted,  however,  that  the  readings  are  not  equal  at  corre- 
sponding stations  on  opposite  sides  of  the  maximum.  A\nien 
the  strike  is  east  of  north  the  western  station  shows  a  higher 
dip  than  the  eastern,  while,  when  the  strike  is  west  of  north, 
the  eastern  station  shows  a  higher  dip  than  the  corresponding 
station  on  the  west.  Generally  stated,  then,  the  stations  on 
that  side  of  the  magnetic  rock,  on  which  the  angle  between  the 
strike  of  the  rock  and  the  line  of  traverse  is  obtuse,  show 
greater  dip-angles  than  the  corresponding  stations  on  the  side 
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on  which  this  angle  is  acute.  As  the  angles  of  dip  are  repre- 
sented graphically  by  a  continuous  curve,  this  is  the  same 
thing  as  saying  that  the  dip-curve  is  steeper  on  the  acute-  than 
on  the  obtuse-angle  side.  Fig.  10  shows  two  such  sections — («) 
where  the  strike  is  northwest  and  (6)  where  it  is  northeast. 
The  facts  above  stated  are  well  brought  out  in  the  two  dip- 
curves. 

These  phenomena  are  easily  explained  by  tlie  following  con- 
siderations.    The  vertical  components  tend  to  lower  the  nee- 
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die,  and  would  carry  it  to  a  vertical  position,  except  for  the 
action  of  the  horizontal  forces,  which  tends  to  keep  it  hori- 
zontal. At  any  station  on  the  acute-angle  side  of  the  magnetic 
belt  the  resultant  of  the  two  horizontal  components  is  larger 
than  at  the  corresponding  station  on  the  obtuse-angle  side  (the 
two  being  represented  by  the  longer  and  shorter  diagonals  of  a 
parallelogram).  Since  the  vertical  forces  are  the  same  at  the 
two  stations,  it  follows  that  on  the  obtuse-angle  side  the  angle 
of  dip  must  be  larger  than  on  the  acute-angle  side.  Or  ex- 
pressed algebraically,  since  H,,  is  the  only  variable  on  the 
right-hand  side  of  equation  (5), 

V  -^  H  tan  d 


tana 


H, 


it  is  evident  that  tan  a,  and,  therefore,  a,  the  angle  of  dip,  in- 
creases with  a  decrease  in  H,. 
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The  two  points  of  maximum  deflection  of  the  horizontal 
needle  are  situated  at  equal  distances  from  the  middle  zero,  but 
the  deflections  have  unequal  numerical  values,  that  which  lies 
on  the  obtuse-angle  side  being  the  larger,  for  the  reasons  al- 
ready given. 

If  the  rock  dips  at  an  angle  less  than  90°,  these  results  are 
either  intensified  or  greatly  modified,  depending  upon  the  direc- 
tion of  dip.  It  was  shown  in  the  last  section  that  the  horizontal 
component  of  the  rock-force  is  smaller  on  the  dip-side.  If  the 
strike  and  dip  are  both  towards  the  same  side  of  the  meridian 
{e.g.,  if  the  strike  is  northwest  and  the  dip  southwest),  it  is  evi- 
dent that  the  numerical  difiference  between  the  deflections  of 
the  horizontal-needle  on  the  two  sides  of  the  rock  will  be  still 
greater  than  if  the  rock  were  vertical.  On  the  other  hand,  if 
the  strike  and  dip  are  towards  opposite  sides  of  the  meridian 
{e.g.,  if  the  strike  is  northeast  and  the  dip  northwest),  the  difter- 
ence  between  the  deflections  on  the  two  sides  is  less  than  for  a 
vertical  dip,  or  may  even  be  reversed. 

The  deflections  of  the  dip-needle  in  the  case  of  rocks  dipping 
at  angles  less  than  90°  are  also  greatly  influenced  by  the  direc- 
tion of  dip.  If  strike  and  dip  are  towards  the  same  side  of  the 
meridian,  the  difference  noted  above  in  angle  of  dip  on  the  two 
sides  of  the  rock  is  neutralized,  and  the  dip-curve  tends  to  be- 
come symmetrical ;  while  if  they  are  towards  opposite  sides  of 
the  meridian,  the  difference  is  increased.  It  is  to  be  noted  that 
the  influence  on  both  instruments  of  the  direction  and  ang-le  of 
dip  of  the  rock  becomes  weakened  with  an  increase  in  surface- 
covering. 

2.   The  Magnetic  Rock  Strikes  East  and  West. 

When  a  vertically-dipping  magnetic  rock  strikes  east  and 
west,  or  nearly  so,  the  traverse  lines  must  be  run  north  and 
south,  so  as  to  cross  it  as  nearly  as  possible  at  right  angles.  In 
approaching  such  a  belt  from  the  south  the  instruments  give 
little  warning.  The  readings  of  the  horizontal  needle  show 
either  no  deflections,  or  else  very  slight  deflections,  from  the  mag- 
netic meridian.  Past  the  middle  of  the  formation  the  horizon- 
tal needle  is  strongly  deflected,  often  through  an  angle  of  180°, 
so  that  it  may  point  due  south.     But  as  the  magnetic  rocks 
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having  this  strike  which  were  encounterecl  in  our  work  were 
not  deeply  buried,  and  had  also  quite  irregular  upper  surfaces, 
generally  the  needle  pointed  either  east  or  west  of  south,  on 
account  of  the  weight  which  the  nearness  to  the  surface  gave 
to  the  adjacent  material,  either  from  the  irregular  distribution 
of  magnetite  or  from  the  protrusion  of  small  masses  above  the 
general  level.  Continuing  north,  the  horizontal  deflections 
gradually  diminish  and  eventually  disappear. 

This  behavior  of  the  horizontal  needle  is  explained  in  the 
same  way  as  in  the  preceding  cases.  The  position  of  the  needle 
at  any  station  is  determined  by  the  resultant  of  the  horizontal 
components  of  the  two  forces,  the  earth's  force  and  the  rock- 
force  that  act  upon  it.  South  of  the  magnetic  rock  these  two 
components  act  in  the  same  direction  and  essentially  in  the 
same  line,  since  the  magnetic  meridian  practically  coincides 
with  the  true  meridian.  The  resultant,  therefore,  is  equal 
to  their  sum  and  coincides  with  them  in  direction,  and  conse- 
quently there  is  no  deflection.  iS'orth  of  the  magnetic  rock 
the  two  horizontal  components  act  in  opposite  directions, 
and  when  they  are  in  the  same  line  the  needle  takes  up  its 
position  in  the  direction  of  the  greater,  which  determines  that 
of  the  resultant;  when  H'  is  greater  than  H  (which  often 
happens  near  and  north  of  the  rock),  this  direction  is  due 
south.  When  the  two  components  do  not  act  in  exactly  the 
same  line,  the  needle  will  point  east  or  west  of  south  at  an 
angle  which  depends  on  the  angle  between  the  two  forces  and 
their  ratio. 

Still  further  north  the  horizontal  component  of  the  rock- 
force  diminishes  rapidly,  and  we  consequently  first  pass  through 
a  zone  of  large  and  diminishing  deflections  to  the  east  or  west, 
depending  on  the  side  of  the  meridian  on  which  this  compo- 
nent foils ;  and  finally,  when  it  becomes  insensible,  the  needle 
rests  again  in  the  meridian. 

In  the  case  of  a  rock  striking  east  and  west,  the  points  at 
which  the  horizontal  component  of  the  magnetism  of  the  rock 
has  maximum  values  become  indeterminate  by  the  methods 
hitherto  described,  from  the  fact  that  throughout  the  traverse 
the  two  components  act  in,  or  nearly  in,  the  same  line,  and  the 
deflections  from  the  local  magnetic  meridian  therefore,  do  not 
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indicate  the  relative  strengths  at  different  stations  of  the  hori- 
zontal component  of  the  rock-force. 

The  dip-needle  readings  for  an  east-and-west  striking  rock 
are  as  follows :  At  some  distance  south  of  the  rock  the  angles 
are  constant  at  the  index-error.  As  the  rock  is  approached,  the 
angles  of  dip  depend  upon  the  depth  of  burial.  If  the  surface- 
covering  is  considerable,  an  increase  in  the  dip-angles  begins  at 
a  considerable  distance  away,  and  progresses  continuously  as  the 
magnetic  belt  is  approached.  If  the  rock  is  near  the  surface, 
the  dip-needle  shows  either  the  constant  index-error  or  else 
angles  of  dip  less  than  the  index-error  for  all  stations  south  ex- 
cept those  very  near  the  southern  margin  of  the  rock.  The 
maximum  reading  is  attained  north  of  the  middle  plane  of  the 
rock,  at  a  distance  from  it,  which  also  depends  upon  the  depth 
of  covering.  Farther  north  the  dip-angles  decrease  slowly, 
and  are  in  general  greater  than  at  the  corresponding  stations 
south.  The  form  of  the  dip-curve,  therefore,  shows  a  steeper 
slope  south  of  the  magnetic  rock  than  north  of  it.  The  rea- 
sons for  these  differences  will  be  evident  from  the  following: 
considerations. 

Let  it  be  supposed,  for  the  sake  of  simplicity,  that  through- 
out the  north-and-south  traverse  the  two  horizontal  compo- 
nents act  in  the  same  line  in  the  meridian.  At  any  station 
south  of  the  magnetic  rock  they  act  in  the  same  direction,  and 
their  resultant  will  be  their  numerical  sum.  At  the  corres- 
ponding station  north  they  act  in  opposite  directions,  and  their 
resultant  will  be  their  numerical  difference.  The  angle  of  dip 
is  given  by  equation  (5) : 

,„.„-  V'+Htane 

For  the  two  corresponding  stations,  V  will  be  the  same. 
The  other  quantities  are  all  constants  except  H^.  For  the 
south  station,  H,  =  IP  -|-  H ;  for  the  north  station,  H,  =  H  —  H', 
where  II  and  H'  are  respectively  the  horizontal  components  of 
the  magnetism  of  the  earth  and  of  the  rock,  as  before.  The 
numerator  of  the  right-hand  side  of  the  equation  will  be  the 
same  for  both  stations,  while  the  numerical  value  of  the  de- 
nominator will  be  less  for  the  north  station  than  for  the  south. 
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Consequently  tan  «,  and  therefore  a,  will  be  greater  for  the 
nortli  station. 

For  great  depths  of  superficial  covering,  however,  these  dif- 
ferences become  almost  imperceptible,  owing  to  the  fact  that 
H'  is  so  small  that  H^  is  essentially  the  same  at  the  two  corre- 
sponding stations.  The  tendency  therefore,  as  h  increases,  is 
for  the  dip-curve  to  become  symmetrical.  In  Fig.  11,  Cases  II. 
and  III.  represent  rocks  striking  east  and  west,  buried  to 
diflerent  depths,  II.  being  the  deeper. 

In  the  special  case  in  which  H'  ^  —  11,11  =0,  and  the  dip- 
needle  stands  at  90°.     This  can  only  take  place  north  of  the 

Fig.  II 
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rock,  and  may,  depending  on  the  strength  of  II',  be  found  at 
two  stations,  one  on  either  side  of  the  station  at  which  H'  is  a 
maximum.  At  the  same  stations  the  horizontal  needle  is  not 
acted  on  by  any  unbalanced  force,  and  rests  indifferently  in  any 
position. 

The  dips  less  than  normal  which  are  often  observed  at  stations 
south  of  a  magnetic  rock  which  lies  very  near  the  surface  are 
also  easily  understood  by  a  reference  to  equation  (7).  At  these 
stations  the  resultant  pull  of  the  rock  is  so  nearly  horizontal 
that  the  vertical  component  V  is  very  small  in  comparison  with 
the  horizontal  component  H'.  If  Y'  is  a  negligible  quantity, 
equation  (5)  becomes 

tan  a  = tan  6. 

In  such  cases,  the  angle  of  dip  is  therefore  less  than  the  index 
error.  With  north-  or  south-dipping  rocks,  where  V  is  nega- 
tive, tan  a  becomes  negative  when  V  >  H  tan  0. 

In  a  single  locality,  namely,  north  of  the  Groveland  mine,  we 
encountered  the  only  instances  met  with  in  the  whole  course  of 
our  work  in  which  the  south-ends  of  both  needles  were  attracted 
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(and  the  north-ends  repelled)  by  a  magnetic  rock.  This  rock, 
the  Michigamme  jasper,  occupies  the  interior  of  a  shallow  east- 
and-west-striking  syncline,  as  has  been  fully  proved  by  extensive 
test-pitting  and  diamond-drill  work,  as  well  as  by  abundant 
natural  exposures.  The  jasper  forms  an  east-and-west  ridge, 
rising  with  steep  slopes  about  150  feet  above  the  valley  which 
borders  it  on  the  south,  and  about  70  to  80  feet  above  a  flat 
table-land  on  the  north.  From  the  foot  of  the  ridge  on  the 
north  for  some  distance  out  on  the  table-land,  the  north-end  of 
the  horizontal  needle  pointed  north  with  slight  deflections, 
while  the  north-end  of  the  dip-needle  was  actually  elevated,  and 
the  south-end  depressed.  It  was  evident  therefore  that  the 
south-poles  of  the  compass-needles  were  attracted  by  the  rock, 


Fig.  12 


and  that  the  north-poles  of  the  latter  must  be  nearer  the  instru- 
ments than  the  south-poles. 

These  exceptional  phenomena  are  easily  understood  by  a 
reference  to  Fig.  12,  which  gives  a  geological  cross-section  and 
profile  of  this  hill,  with  the  vertical  scale  slightly  exaggerated. 
The  geological  structure  on  this  section  has  been  very  closely 
determined  by  many  diamond-drill  holes  and  test-pits,  and  the 
limits  of  the  jasper  are  known  with  much  precision.  In  conse- 
quence of  the  southerly  dip  of  the  northern  edge  of  the  jasper 
syncline,  and  also  of  the  sudden  drop  from  the  ridge  to  the 
table-land,  it  happens  that  the  buried  north-poles  along  the 
lower  boundary  of  the  formation  are  brought  nearer  to  the 
stations  north  of  A  than  the  south-poles  at  the  actual  surface 
of  the  rock.  Therefore  the  south-poles  of  the  needles  at  these 
stations  are  attracted,  and   not  the  north-poles,  as  is  usually 
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the  case,  in    consequence    of  an    exceptional    combination  of 
structural  and  topographical  conditions. 

3.  Two  Parallel  Magnetic  Formations. 
The  cases  so  far  considered  have  involved  only  one  l)elt  of 
magnetic  rock,  which  has  been  assumed  to  have  a  uniform  dip 
in  one  direction,  or,  in  other  words,  to  be  a  monocline.  In 
practice,  however,  owing  to  complexities  of  structure  and  other 
causes,  which  will  be  considered  hereafter,  it  frequently  hap- 
pens that  two  or  more  approximately  parallel  belts  are  found 
within  the  range  of  one  another's  influence.  Under  these  cir- 
cumstances the  eftects  produced  upon  the  magnetic  needles  are 
correspondingly  complicated. 

In  the  special  case  of  two  parallel  formations,  equally  mag- 
netic  and  buried  to   an   equal  depth,  which  strike  north  and 
south,  and  dip  vertically,  or  at  high  angles,  the  deflections  of 
the  horizontal  needle,  both   on  the   east  side  of  the  east  belt 
and  on  the  west  side  of  the  west  belt,  follow  the  same  course  as 
in  the  case  of  a  single  formation  similarly  situated.     But  in  the 
area  including  the  two  formations  and  the  territory  between 
them,  the  deflections  of  the  horizontal  needle,  in  amount  and 
direction,  depend  entirely  upon  the  distance  between  the  forma- 
tions and  the  depth  of  covering  over  them.     If  the  distance,  is 
considerable,  and  the  depth  to  the  rock-surface  small,  then  in  a 
traverse  run  from   east  to  west,  the   needle,   after  passing  a 
westerly  maximum,  will  come  to  rest  in  the  meridian  at  a  point 
west  of  the  middle  point  of  the  eastern  rock.     This  point  will 
be  determined  by  the  balancing  of  the  two  horizontal  compo- 
nents of  the  local  forces.     The  eastern  rock  acts   at  a  small 
angle  with  the  vertical,  but  with  great  relative  energy,  owing  to 
its  nearness.     The  western  rock  acts  at  a  large  angle  with  the 
vertical,  but  with  less  energy,  owing  to  its  greater  distance.     It 
is  therefore   evident  that  for  certain  depths,  and  certain  dis- 
tances of  separation,  the  horizontal  components  of  these  forces 
will  balance   each  other,  and  the  needle  will  rest  in  the  merid- 
ian.     West  of  this  first  zero-point   the    needle    at   first  will 
point   east,    since  a  small   change    in    position    increases    the 
eastern  angle,  and  consequently  the  eastern  horizontal  compo- 
nent, while  the  western  angle  is   slightly  diminished,  which 
tends  to  diminish  the   western  horizontal   component  at  the 
VOL.  xx\^. — 44 
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same  time  that  the  decrease  in  distance  tends  to  increase  it. 
The  eastern  deflection  increases  to  a  maximum  and  then  di- 
minishes as  we  go  west,  and  finally  becomes  zero  at  the  point 
midway  between  the  two  formations,  when  the  horizontal  com- 
ponents again  balance  each  other.  "West  of  this  middle  zero 
the  horizontal  deflections  are  entirely  symmetrical  with  those 
at  the  corresponding  stations  east,  but  in  the  opposite  direction. 

Therefore,  under  certain  conditions,  which  are  satisfied  when 
the  depth  of  superficial  covering  is  small  in  comparison  with 
the  distance  between  the  magnetic  formations,  the  horizontal 
needle  shows  three  points  of  no  deflection,  and  four  points  of 
maximum  deflection,  two  towards  the  east  and  two  towards  the 
west.  In  the  territory  between  the  outside  zeros  the  horizontal 
deflections  are  smaller  than  at  stations  east  or  west  of  these 
points,  at  the  same  distance  from  the  disturbing  formations. 

The  dip-needle  shows  along  the  same  traverse  two  points  of 
maximum  dip,  which  nearly  correspond  to  the  points  of  no 
horizontal  deflection. 

When  the  depth  of  superficial  covering  is  large  in  relation  to 
the  distance  between  the  rocks,  there  may  be  but  one  point  of 
no  horizontal  deflection,  viz. :  that  at  the  station  midway  be- 
tween them.  In  this  case  the  back  pull  of  the  eastern  rock  is 
not  equal  to  the  forward  pull  of  the  western  rock,  and  the  latter, 
consequently,  is  not  balanced  except  at  the  point  mentioned. 
Here  the  two  inside  points  of  maximum  deflection  vanish,  or  are 
represented  by  variations  in  the  rate  of  change  in  the  pointing. 
The  dip-curve  should  show  either  one  maximum  at  the  center 
or  two  maxima,  one  on  each  side  of  the  center,  the  distance  be- 
tween which  depends  on  the  ratio  of  the  depth  of  burial  to  the 
distance  between  the  rocks. 

The  analysis  of  these  cases  by  the  general  method  of  Section 
V.  presents  no  ditficulties.  For  the  purposes  of  illustration,  how- 
ever, it  is  sufficient  to  consider  two  extreme  cases,  and  to  repre- 

TT/ 

sent  the  values  of  . for  these  graphically.     Let  it  first  be  as- 

sumed  that  the  distance  between  the  rocks  is  8,  and  that  a  =  3, 
and  A  =  2.  This  represents  the  conditions  when  the  dis- 
tance of  separation  is  large  compared  with  h.     The  ordinates  to 

the  curve  of  Fig.  13  give  the  values  of  — .  which  correspond  to 
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the  difFereiit  stations  of  observation.  Those  parts  of  the  curve 
which  are  above  the  horizontal  axis  of  co-ordinates  repre- 
sent the  portions  of  tlie  traverse  in  which  H'  is  directed 
towards  the  west ;  the  parts  below,  those  in  which  it  is  directed 


towards  the  east.  It  is  seen,  as  already  stated,  that  besides  the 
middle  point  there  are  two  other  points  of  no  horizontal  deflec- 
tion, which  do  not  exactly  correspond  with  the  points  vertically 
over  the  middle  of  the  magnetic  formations,  but  are  somewhat 


H' 


Fig.  14 


V' 

GO 


nearer  the  adjoining  edges;  and  also  four  points  of  maximum 
deflection,  one  on  each  side  of  each  rock.  The  maximum  points 
inside  of  the  two  formations  have  smaller  deflections  than  those 
outside,  as  shown  by  the  relative  lengths  of  the  ordinates  to  the 
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curve,  and  also  between  the  inside  maximum  points  the  hori- 
zontal components  are  directed  away  from  the  middle  point. 

V 

The  curve  of —  represented  by  the  dotted  line,  has  two  maxi- 

w 

mum  values,  which  fall  nearly  over  the  two  rocks. 

If  we  next  assume  that  the  distance  between  the  rocks  is  8, 
and  that  a  =  3,  and  A  ^  8,  we   obtain  the  curve  of  Fig.  14, 

which  represents  the  value  of  —   when  h  is  large  compared 

lO 

with  the  distance  of  separation.  This  case  shows  but  one 
point  of  no  horizontal  deflection,  between  the  two  rocks,  and 
but  two  points  of  maximum  deflection,  one  on  the  outside  of 
each. 

yr 

The  curve  of  —  represented  by  the  dotted  line,  shows  the  in- 
to 

teresting  feature  of  three  maximum  points,  one  at  the  center, 

and  one  over  each  rock.     If  h  were  relatively  a  little  greater, 

these  would  evidently  coincide  at  the  center. 

These  curves  illustrate  the  importance  of  the  relation  of 
depth  to  distance  of  separation  as  the  controlling  factor  in  the 
phenomena.  If  the  horizontal  distance  could  be  supposed  to 
remain  unchanged  and  the  depth  to  vary,  we  have  in  the  cor- 
responding traverses  a  series,  at  one  end  of  which,  for  a  very 
small  depth,  the  observations  represent  essentially  the  phe- 
nomena due  to  separate  formations  beyond  each  other's  influ- 
ence, while  at  the  other,  for  great  depths,  they  cannot  be  dis- 
tinguished from  those  caused  by  a  single  formation. 

If  the  two  parallel  formations  are  not  vertical,  but  dip  in  the 
same  direction  at  the  same  angle,  the  resulting  curves  are  some- 
what diiferent.  Figs.  15  and  16  show  two  cases  in  which  the 
elements  are  the  same,  except  the  depth  of  covering  and  the 
thickness  of  the  intervening  non-magnetic  material.  Here  the 
rocks  dip  at  an  angle  of  71°  34',  and  the  width  at  the  rock- 
surface  is  6.3  for  each. 

In  Fig.  15,  where  h=  2  and  the  width  of  the  non-magnetic 
bed  is  10.7,  and  the  covering  is,  therefore,  relatively  small,  the 
presence  of  two  rocks  is  distinctly  shown  by  the  curves  of  both 
components,  and  the  chief  result  of  their  interaction  is  to  intro- 
duce an  additional  point  of  no  horizontal  deflection  between 
them,  on  each  side  of  which  the  horizontal  arrows   diverge. 


MAGNETIC    OBSERVATIONS    IN    GEOLOGICAL    MAPPING 


681 


The  positions  of  the  maximum  and  of  the  other  zero-points  are 
hardly  disturbed,  and  consequently  the  direction  of  dip  is  very 
clearly  indicated. 

In  Fig.  16,  where  h  =  4  and  the  formations  are  separated  by 
non-magnetic   material  4.7  wide,  there  is  but  one  zero-point, 

Fig.  15 


nearly  over  the  middle  of  the  upper  formation,  towards  which 
the  pointings  of  the  horizontal-needle  converge.  West  of  this 
are  two  points  of  maximum  eastern  deflection,  between  which 


Fig. 16 


a  faint  minimum  represents  the  backward  pull  of  the  lower 
formation. 

If  the  two  magnetic  formations  are  parallel  in  strike,  but  dip 
towards  each  other  at  equal  angles,  the  resulting  curves  of  the 
two  components  are  shown  in  Figs.  17  and  18.  Fig.  17  illus- 
trates the  eflfects  of  a  syncline  with  steeply  dipping  sides,  the 
superficial  covering  being  relatively  shallow.  These  conditions 
result  in  a  point  of  no  horizontal  deflection  over  the  middle  of 
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the  trough  with  diverging  arrows  on  each  side,  and  besides  a 
point  of  no  horizontal  deflection  over  each  rock,  towards  which 
the  arrows  converge.  The  positions  of  the  two  maximum 
points  for  each  rock,  and  of  the  zero  between  them,  is  nearly  the 


same  as  if  the  other  rock  were  absent,  and  consequently  the 
fact  that  the  rocks  dip  towards  each  other  is  clearly  indicated 
by  the  unsymmetrical  distances. 

In  Fig.  18  the  depth  of  the  rock-surface  is  much  greater  rela- 


Fig.  18 


tively  to  the  inside  distance  between  the  legs  of  the  syncline, 
and  the  d\])  is  flatter.  In  this  case  there  are  but  two  points  of 
maximum  deflection,  one  on  each  side  of  the  syncline,  and  but 
one  point  of  no  deflection,  over  the  middle  of  the  trough.  The 
maximum  points  represent  the  outside  maxima  of  the  former 
case,  and  the  result  of  the  interaction  of  the  two  legs  is  to  in- 
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crease  the  numerical  values  of  these,  as  well  as  to  bring  them 
nearer  together.  It  is  evident  that  the  (leflcv'tions  of  the  hori- 
zontal-needle in  this  case  could  hardly  be  distinguished  from 
those  that  would  be  produced  by  a  single  vertical  formation 
buried  to  a  considerable  depth. 

Let  it  next  be  supposed  that  the  two  rocks  dip  towards  each 
other  at  different  angles,  the  strikes  remaining  parallel,  and 
also  that  the  rock  of  lower  dip  is  buried  to  the  greater  depth. 
This  then  is  a  case  in  which  the  magnetic  effect  of  one  limb  of 
the  syncline  is  much  stronger  than  that  of  the  other. 

It  is  evident  that  with  different  relations  of  depth  and  separa- 
tion we  may  have  very  different  series  of  deflections  of  the  needle. 
With  slight  depth  and  large  relative  separation,  there  would  be 
three  points  of  no  horizontal  deflection,  the  middle  point  being 
unsymmetrical  to  the  other  two,  and  lying  nearer  the  rock  of 
weaker  attraction.  Of  the  two  outside  points,  that  which  rep- 
resented the  stronger  rock  would  be  indicated  by  the  more  pro- 
nounced convergence  of  the  horizontal  deflections  on  both  sides. 
The  dip-needle  would  show  two  points  of  maximum  dip,  nearly 
coinciding  with  the  two  points  of  no  horizontal  deflection. 
These  would  be  of  unequal  value,  that  over  the  stronger  rock 
being  the  greater. 

On  the  other  hand,  with  the  depth  large  in  relation  to  the  dis- 
tance between  the  magnetic  belts,  but  one  point  of  no  horizon- 
tal deflection  would  result,  which  would  be  situated  near  the 
stronger  rock.  The  corresponding  point  over  the  weaker  rock 
would  be  indicated  by  a  retardation  or  reversal  in  the  rate  at 
which  the  horizontal  deflections  approached  the  maximum  due 
to  the  stronger  rock,  on  the  same  side.  For  example,  if  the 
weaker  rock  were  west  of  the  stronger,  a  cross-traverse  from 
west  to  east  would  show  west  of  the  western  rock  a  constantly 
increasing  easterly  deflection  of  the  needle.  After  passing  the 
western  rock,  the  horizontal  needle  would  still  point  east,  but 
at  a  smaller  angle,  owing  to  the  westerly  pull  of  the  horizontal 
component  of  the  western  rock.  Farther  east,  the  easterly 
pointing  would  again  increase  up  to  the  maximum  easterly 
pointing  due  to  the  stronger  eastern  rock,  at  a  station  west  of 
the  point  of  no  deflection.  In  Fig.  19  the  curves  of  the  two 
components  are  given  for  the  special  case  in  which  the  right- 
hand  limb  of  the  synclinal  dips  at  an  angle  of  90°,  and  has  a 
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surface-covering  h  =  2,  while  the  left-hand  limb  dips  at  an 
angle  of  26°  34',  and  has  a  surface-covering  A  =  4.  It  is  in- 
teresting to  compare  the  theoretical  results  of  this  figure  with 
the  curves  of  Fig.  20,  which  represent  deflections  actually 
observed,  and  not  components. 

In  the  latter  figure  the  strike  of  the  two  rocks  is  represented 
by  the  heavy  lines.  The  tAvo  rocks  are  the  same  formation, 
brought  up  by  folding  on  opposite  sides  of  a  synclinal  trough. 
The  synclinal  is  slightly  pushed  over,  so  that  the  eastern  rock 
dips  nearly  vertical,  while  the  western  has  a  much  lower  dip 
toward  the  east,  and  is  also  more  deeply  buried.     These  facts 


Fig.  20 
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rest  on  independent  evidence,  yet  they  might  all  be  inferred 
from  the  observations  recorded  in  this  figure. 

The  dip-curve  in  this  case  shows  two  distinct  maxima,  a 
smaller  under  the  zone  of  retardation,  and  a  larger  over  the 
point  of  no  horizontal  deflection,  which  correspond  respectively 
to  the  two  magnetic  rocks.  • 

If  the  two  formations  are  parallel  in  strike,  but  dip  away 
from  each  other,  the  curves  of  the  horizontal  and  vertical  com- 
ponents for  different  angles  of  dip  and  different  relations  of 
thickness  and  depth  of  covering  are  shown  in  Figs.  21  and  22. 
In  Fig.  21  the  formations  are  widely  separated,  h  is  relatively 
small,  and  the  angles  of  dip  are  equal  and  low ;  the  interaction 
of  the  two  rocks  therefore  extends  over  a  narrow  zone  only, 
and  the  curves  of  the  components  clearly  indicate  the  presence 
of  two  formations  and  the  direction  of  dip  of  each.     In  Fig.  22 
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the  anticlinal  is  so  truncated  that  magnetic  material  occupies 
the  whole  space  on  the  rock-surface  hetween  the  outer  bound- 
aries of  the  two  formations.  The  angles  of  dip  are  equal,  and 
are  higher  than  in  the  preceding  case,  while  the  depth  of  cover- 
ing is  relatively  much  greater.  The  horizontal  component  is 
zero  in  the  axial  plane  of  the  anticlinal,  and  has  maximum 
values  at  two  points,  one  on  each  side  of  the  zero.  The  verti- 
cal component  is  a  maximum  at  one  point,  also  in  the  axial 
plane.     The  deflections  produced  by  these  conditions  could  not 

Fig.  22 
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be  distinguished  in  practice  from  those  produced  by  a  single 
vertically  dipping  formation. 

In  general,  therefore,  when  two  magnetic  formations  lie 
within  range  of  each  other's  influence,  the  deflections  are  deter- 
mined by  the  relative  magnetic  strengths  of  the  two  rocks,  by 
their  distance  apart,  by  their  strike  and  dip  and  by  their  depth 
of  burial.  It  is  evident  that  for  certain  given  relations  among 
these  factors,  the  special  cases  above  described  will  occur,  and 
it  is  found  that  they  really  do  occur  in  practice.  For  o  her 
relations  it  is  not  possible  to  make  a  general  statement  ei  lier 
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as  to  the  number  or  the  position  of  the  maximum  and  minimum 
points. 

Section  VII. — The  Interpretation  of  More  Complex 
Structures. 

The  existence  of  two  parallel  belts  of  magnetic  rocks  may  be 
accounted  for  geologically  in  more  than  one  way.  They  may 
represent  two  distinct  formations  occurring  at  different  horizons 
in  the  same  series ;  or  they  may  represent  the  same  formation 
either  duplicated  by  folding  or  separated  into  two  parts,  by  the 
intrusion  of  a  sheet  of  igneous  rock  parallel  to  its  bedding. 
Since,  then,  two  magnetic  lines,  the  existence  of  which  has  been 
established  by  observation,  may  have  more  than  one  interpre- 
tation, the  discrimination  of  these  cases,  when  possible,  is  of 
special  importance. 

The  question,  whether  any  given  case  belongs  to  the  first 
of  these  categories,  can  generally  be  settled  only  by  following 
the  lines  of  attraction  into  a  district  which  affords  a  geologi- 
cal section  across  the  formations  involved,  or  by  the  occa- 
sional outcrop  of  the  rocks  which  give  rise  to  the  disturbances, 
in  which  case  lithological  resemblances  or  differences,  the  rela- 
tions to  other  formations,  and  the  observed  structure,  will  decide 
the  matter  one  way  or  the  other.  In  the  special  case,  which  of 
course  can  only  rarely  happen,  in  which  either  or  both  lines 
can  be  followed  completely  round  an  anticlinal  dome,  or  a  syn- 
clinal basin,  the  question  would  be  settled  affirmatively,  even 
if  outcrops  were  entirely  lacking. 

In  the  other  instances  the  magnetic  observations  themselves 
often  give  means  of  discrimination,  even  when  the  outcrops  are 
so  few  or  so  obscure  as  to  be  in  themselves  indecisive.  It  is 
characteristic  of  the  folds  in  the  pre-Cambrian .  rocks  of  this 
region  that  the  axes  are  not  usually  parallel  with  the  horizon 
for  long  distances,  but  are  often  inclined  to  it ;  in  other  words, 
when  followed  for  greater  or  less  distances,  they  pitch.  The 
outcropping  edges  of  any  formation  involved  in  an  anticlinal 
or  synclinal  fold,  which  has  been  cut  by  a  plane  of  denudation, 
will  be  parallel  to  each  other  wherever  the  axis  of  the  fold  is 
horizontal,  but  will  approach  each  other  where  the  axis  is  in- 
clined. In  an  anticlinal  fold  they  converge  in  the  direction  in 
which  the  axis  sinks,  while  in  a  synclinal  they  converge  in  the 
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direction  in  which  the  axis  rises.  If  the  formation  is  a  mag- 
netic one,  conformably  placed  between  beds  of  non-magnetic 
character,  the  magnetic  lines  to  which  the  outcropping  edges 
give  rise  will  therefore  run  parallel  to  each  other  when  the 
axis  is  horizontal,  and  will  converge  or  diverge  when  the  axis 
pitches.  The  convergence  or  divergence  takes  place  gradually, 
since  the  angles  of  pitch  usually  are  not  large. 

In  the  case  also  of  a  single  formation  which  stands  on  edge 
and  has  been  split  by  the  intrusion  of  a  sheet  of  eruptive  rock 
parallel  to  the  bedding-planes,  the  magnetic  observations  will 
often  show  two  parallel  lines,  which,  at  the  extremities  of  the 
eruptive  rock,  where  it  wedges  out,  merge  into  one. 

In  general,  therefore,  two  parallel  magnetic  lines  which  rep- 
resent two  distinct  formations  preserve  their  identity,  and  do 
not  pass  into  each  other;  when,  however,  they  represent  the 
same  formation,  they  will  often  come  together  if  followed  far 
enough.  The  principles  w^hich  have  already  been  applied  to 
the  analysis  of  simpler  cases,  are  useful  in  discriminating  among 
the  three  cases  of  convergence. 

1.  Pitching  Si/nclines.—Let  us  first  consider  a  pitching  syn- 
clinal fold,  which  is  represented  in  plan  and  by  successive  cross- 
sections  in  Fig.  23.  It  is  evident  that  on  the  lines  of  traverse 
along  sections  I.  and  II.  the  deflections  of  the  needle  will  ob- 
serve the  usual  sequence  for  two  parallel  belts,  the  details  de- 
pending upon  separation  and  depth  of  covering ;  while  on  lines 
along  sections  III.,  IV.  and  V.  the  phenomena  will  be  those 
caused  by  a  single  belt  of  magnetic  rock.  Also,  on  account  of 
the  rise  in  the  axis,  the  south-poles  of  the  rock  are  brought 
continually  nearer  the  surface  on  these  successive  cross-sections, 
and  therefore  the  two  components  of  the  rock-force  will  be 
smaller  for  each  traverse  than  for  the  one  preceding.  Since  the 
magnetic  material  comes  to  an  end  at  A,  it  is  no  longer  true 
that  there  is  as  much  magnetic  material  on  one  side  of  these 
sections  as  on  the  other.  Consequently  the  horizontal  com- 
ponent due  to  the  pull  of  the  rock  does  not  become  zero  at  any 
point  along  these  sections,  but  for  every  station  has  a  positive 
numerical  value  and  acts  in  the  general  direction  in  which  the 
synclinal  pitches.  At  the  station  in  the  plane  of  symmetry  of 
the  fold  this  component  acts  parallel  to  the  axis.  The  direction 
and  amount  of  the  deflection  depend  upon  the  direction  of  strike 
and  pitch  of  the  synclinal. 
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Let  US  suppose  first  that  tlie  axis  of  the  synclinal  strikes  north 
and  pitches  north.  In  this  case  Section  I.,  in  Fig.  23,  is  the 
most  northern,  Section  V.  the  most  southern. 

The  traverses  along  Sections  I.  and  11.  display  the  usual 
phenomena  for  two  parallel  belts.  East  of  the  eastern  limb  and 
west  of  the  western  the  horizontal  needle  will  be  deflected  to- 
wards the  syncline.  Between  the  two  limbs  there  will  be  at 
least  one  point  of  no  deflection,  and  frequently,  depending  upon 
the  relations  between  the  depth  of  burial  and  the  thickness  of 
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the  intervening  non-magnetic  material,  either  two  other  points 
of  no  deflection  or  two  zones  of  retardation,  one  on  each  side  of 
this  middle  zero. 

Along  Sections  III.,  IV.  and  V.  there  will  be  but  one  point  of 
no  deflection  of  the  horizontal  needle,  which  will  correspond 
with  the  axial  line  of  the  fold.  Since  this  axis  is  north-and-south, 
and  so  coincides  with  the  magnetic  meridian,  the  horizontal 
component  of  the  rock-force  coincides  in  direction  with  the 
horizontal  component  of  the  earth's  pull,  and  consequently  there 
is  no  deflection  of  the  horizontal  needle.  For  itther  stations 
east  and  west  of  the  central  station  the  deflections  are  towards 
the  west  and  east,  with  the  usual  maximum  points. 
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The  detleetious  on  successive  sections  south  grow  smaller, 
since  the  angle  between  the  two  horizontal  components  pro- 
gressively diminishes.  The  relative  value  of  the  horizontal 
component  of  the  rock-force  also  progressively  diminishes,  since 
the  thinning  of  the  magnetic  material  due  to  the  rise  in  the  axis 
of  the  fold  brings  the  buried  north-poles  into  prominence. 
Therefore,  the  deflections  of  the  horizontal  needle,  after  the 
magnetic  rock  has  been  left  behind,  very  soon  become  imper- 
ceptible. 

The  dip-needle  deflections  for  the  northern  Sections  I.  and  II. 
reach  their  maximum  values  at  the  usual  points,  over  the  cen- 
tral zero  and  near  the  outside  zeros  or  points  of  retardation. 
For  the  southern  sections  the  dips  grow  less,  since  the  horizon- 
tal restoring-couple  due  to  the  rock  has  always  a  positive 
numerical  value,  and  also  because  the  vertical  component  of  the 
rock-force  diminishes,  owing  to  the  nearness  of  the  south-poles. 
As  the  section  approaches  the  limits  of  the  magnetic  material, 
the  points  of  maximum  dip  become  less  and  less  clearly  defined, 
and  the  dip-curve  passes  into  an  irregular  line,  slightly  depressed 
below  the  line  of  no  deflection.  The  reasons  for  this  are,  of 
course,  obvious  from  what  has  been  said  above. 

In  the  case  of  a  synclinal  fold  pitching  south,  Section  I.  (Fig. 
23)  becomes  the  most  southern.  Section  V.  the  most  northern 
line  of  traverse.  Sections  I.  and  II.  present  the  same  general 
phenomena  as  before  for  both  needles.  In  Sections  III.,  IV. 
and  V.  the  horizontal  component  du^  to  the  rock  has  a  posi- 
tive value  for  all  stations  as  before,  but  in  this  case  acts  in  a 
generally  opposite  direction  to  that  of  the  horizontal  component 
of  the  earth's  force.  Therefore,  on  these  sections  we  should 
expect  at  first  greater  deflections  of  the  horizontal  needle,  which 
would  diminish  rapidly  as  the  sections  approached  and  passed 
beyond  the  northern  limit  of  the  magnetic  material,  but  which, 
for  corresponding  sections,  would  be  greater  than  for  the 
northerly  pitching  fold.  The  deflections  of  the  dip-needle 
would  also  be  greater  for  the  same  reasons. 

For  a  synclinal  pitching  west,  Section  I.  is  the  most  western. 
Section  V.  the  most  eastern  traverse.  In  this  case,  along  I.  and 
XL,  the  defli<'tions  of  the  horizontal  and  dii)-needles  are  de- 
pendent for  liicir  details  upon  the  ratio  of  depth  to  distance  of 
separation.  '"M  if  far  enough  to  the  west  will  show  clearly  two 
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belts  of  magnetic  material,  approximately  parallel,  and  striking 
approximately  east-and-west.  For  Sections  III.,  IV.  and  V.,  in 
which  the  distance  of  separation  is  either  nothing  or  relatively 
small,  the  phenomena  will  indicate  but  one  belt.  On  these 
sections,  owing  to  the  fact  that  the  horizontal  component  of  the 
rock-pull  is  nowhere  zero,  and  has  everywhere  a  general  west^ 
erly  direction,  the  deflection  of  the  horizontal  needle  ^\dll  be 
westerly  throughout,  and  will  reach  a  maximum  north  of  the 
east-and-west  axial  plane  of  the  material,  where  the  angle  which 
it  makes  with  the  magnetic  meridian  is  more  than  90°. 

In  accordance  with  the  general  principles  stated  in  the  dis- 
cussion of  a  single  belt  with  the  same  strike,  the  angles  of  dip 
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are  in  general  smaller  south  of  the  syncline  than  north,  and  the 
maximum  dip  is  reached  at  a  point  north  of  the  axial  plane. 
On  sections  farther  to  the  east,  near  the  limits  of  the  rock,  and 
beyond  them,  the  dip-needle  deflections,  like  those  of  the 
horizontal  needle,  rapidly  diminish  and  soon  become  impercep- 
tible. These  facts  are  well  shown  in  Fig.  24,  which  represents 
a  series  of  north-and-south  traverses  across  the  Groveland  basin, 
the  limits  of  which  are  defined  by  outcrops  on  the  eastern 
side. 

In  this  figure  it  is  instructive  to  notice  the  small  dip-angles 
in  the  sections  east  of  the  end  of  the  syncline.  In  the  first  of 
these  the  dip-curve  shows  a  hollow  near  the  axis  of  the  fold, 
or  angles  of  depression  less  than  the  normal.     This  is  easily 
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understood  upon  considering  that  since  the  surface-covering  is 
here  small,  the  vertical  component  of  the  rock-force  becomes 
very  small  at  these  stations  compared  with  the  horizontal  com- 
ponent. 

For  an  east-pitching  syncline  it  is  obvious  that  the  facts  will 
be  entirely  similar  to  those  stated  above,  except  that  the  deflec- 
tions of  the  horizontal  needle  will  be  towards  the  east  instead 

Fig.  25 
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of  towards  the  west.  This  is  also  well  shown  at  the  western 
end  of  the  Groveland  basin  in  Fig.  24.  This  basin  does  not 
show  the  phenomena  of  two  lines,  however,  from  the  fact  that 
it  is  so  narrow  and  shallow  that  it  does  not  include  in  its  in- 
terior any  over-lying  non-magnetic  material,  and  there  is  ac- 
cordingly no  separation  of  its  rims. 

2.  Pitching  Anticlines.— In  the  cases  of  pitching  anticlines 
(Fig.  25)  the  sequence  of  observations  in  the  area  of  separation 
of  the  rims  is  very  similar  to  that  of  pitching  synclines.  In 
the  zone  of  coincidence  the  structural  difference  in  the  two 
cases  is  that  the  material  does  not  come  to  an  end,  but  con- 
voL.  XXVI. — 45 
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tinues  as  one  band,  ^\•lli(;'h,  as  the  axis  sinks,  is  progressively 
buried  to  a  greater  depth.  Therefore,  in  general,  the  buried 
north-poles  of  the  magnetic  formation  are  not  brought  nearer 
the  surface ;  and  this,  together  with  the  fact  that  the  material 
continues  on  in  the  line  of  the  axis,  produces  characteristic 
phenomena  in  the  magnetic  sections. 

These  phenomena,  the  details  of  which  can  be  easily  followed 
out  for  any  given  direction  of  pitch,  and  need  not  be  described 
in  detail,  show  in  general  two  lines  of  attraction  merging  into 
one,  which  continues  in  the  same  direction  as  a  strong  line, 
showing,  as  it  is  followed,  the  peculiarities  due  to  an  increasing 
depth  of  burial.  The  points  of  maximum  deflection  of  the 
horizontal  needle  continue  to  separate  from  each  other  on  suc- 
cessive sections.  The  dip-curve  shows  a  definite  maximum 
closely  corresponding,  except  for  due  east-and-west  strikes,  to 
the  point  of  no  horizontal  deflection.  Where  the  axis  of  the 
fold  is  so  oriented  that  these  points  can  be  established  they 
indicate  the  nature  of  the  fold.  If  the  strike  is  east-and-west, 
in  which  case  they  become  indeterminate,  the  continuity  of  the 
line  and  its  very  gradual  decrease  in  power  frequently  give  an 
excellent  basis  for  inference  as  to  the  nature  of  the  fold. 

3.  Formations  Split  hy  Irttrusives. — When  a  single  formation 
has  been  split  into  two  by  the  intrusion  of  a  non-magnetic 
igneous  rock,  there  are  in  the  area  occupied  by  the  igneous 
rock  two  parallel  magnetic  formations,  which  give  rise  on  cross- 
traverses  to  phenomena,  the  precise  features  of  which  depend 
upon  the  strike  and  dip  of  the  formation,  and  upon  the  relation 
which  the  width  of  the  intruded  mass  bears  to  the  depth  of 
burial.  To  describe  these  would  involve  a  mere  repetition  of 
what  has  been  said  before.  Such  intruded  masses  always  have 
a  definite  limit  in  length,  which  is  usually  not  very  great.  When 
the  limits  are  reached  the  two  parallel  lines  pass  into  a  single 
line  which  continues  on  in  undiminished  vigor.  Also,  such 
intruded  masses  are  seldom  confined  to  definite  horizons  for 
great  distances  and  seldom  split  the  formation  into  symmetri- 
cal halves.  Two  nearly  parallel  lines  of  unequal  strength, 
which,  as  they  are  followed,  become  equal,  and  then  again 
become  unequal,  with  the  stronger  on  the  opposite  side,  are 
often,  therefore,  characteristic  phenomena  of  this  case.  A 
good  illustration  of  the  unequal  division  of  a  magnetic  rock 
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at  different  points  along  its  strike  by  an  intruded  sheet,  whieh 
wedo-es  out  at  both  ends,  is  given  in  Fig.  26.  Between  the 
second  and  third  traverses  from  the  north  end  the  existence  of 
this  sheet  has  been  proved  by  drilling. 

4.  Summar>/.— The  means  of  discrimination  among  these  cases 
of  convergence  are  therefore  founded  on  the  deflections  in  the 
critical  areas,  where  the  separated  bands  of  magnetic  material 
merge  into  one.     Strong  deflections  towards  the  point  where 
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they  run  together,  with  a  rapid  disappearance  of  all  disturbances 
within  a  short  distance  of  this  point,  indicate  a  pitching  synclinal 
fold.  A  long  continuance  of  the  disturbances,  with  the  charac- 
teristic phenomena  attending  deeper  burial,  beyond  the  point  of 
coincidence,  indicate  an  antidinal  fold.  A  coincidence  in  both 
directions  and  the  continuation  of  the  disturbances  without  dim- 
inution indicate  an  intrusive  sheet.  To  these  may  be  added 
the  delicate  criterion  which  the  unsymmetrical  distances  of  the 
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horizontal  maxima  from  the  central  zero  may  aiFord.  If,  in 
the  area  of  separation,  the  two  belts  depart  from  each  so  far  as 
to  be  out  of  range  of  each  other's  influence,  and  it  is  found  on 
successive  cross-sections  that  the  nearest  maxima  are  inside  the 
lines  of  no  deflection  which  directly  indicate  the  position  of  the 
rock,  it  can  be  concluded  that  the  rocks  dip  towards  each  other, 
and,  on  the  other  hand,  if  the  nearer  maxima  are  outside  these 
lines,  that  they  dip  away  from  each  other.  In  the  one  case  a 
syncline,  and  in  the  other  an  anticline,  would  be  indicated, 
and,  of  course,  in  either  case  it  would  be  certain  that  the  phe- 
nomena could  not  be  due  to  an  intruded  mass. 

Section  YIII. — Irregular  Phenomena. 

In  what  has  gone  before  the  cases  described  have  presented 
clear-cut  phenomena,  which  lead  to  clefinite  conclusions.  "While, 
for  the  greater  part  of  the  area  covered  by  our  work,  the  char- 
acter of  the  phenomena  is  very  fairly  represented  by  these 
cases,  it  would  be  misleading  to  leave  the  impression  that  all 
the  observations  in  the  whole  series  were  of  this  character  and 
that  they  presented  no  irregularities.  As  a  matter  of  fact,  ir- 
regularities did  occur. 

By  irregularities  is  not  necessarily  meant  change  in  the  de- 
flections of  the  instruments  in  successive  traverses.  That  there 
should  be  no  change  in  these  it  is  necessary  that  there  should 
be  no  change  in  strike  and  dip  and  depth  of  covering  over  the 
magnetic  formations;  in  other  words,  that  there  should  be  a 
geological  uniformity  and  no  structural  features  on  which  light 
is  necessary.  By  irregularity  is  meant  those  changes  which  in 
the  light  of  present  knowledge  are  not  clearly  related  to  other 
(chiefly  structural)  facts,  and  are  departures  from  the  course  of 
the  phenomena  which  follows  from  our  fundamental  concep- 
tions and  assumptions. 

To  illustrate  :  If  our  assumptions  are  absolutely  and  always 
expressive  of  the  truth  it  would  be  impossible,  on  a  traverse 
crossing  a  north-and-south-striking  rock,  for  the  horizontal 
needle  to  point  south  of  the  east  and  west  line.  Any  ex- 
ceptions to  this  rule  would  be  irregularities.  Such  excep- 
tions are  exceedingly  rare,  yet  they  do  occur.  Thus,  in 
the  course  of  our  work,  some  twenty  traverses  crossed  mag- 
netic rocks  having  a  precise  north-and-south  strike,  on  which 
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about  200  observations  of  tbe  horizontal  needle  were  made 
close  to  the  rock.  Of  these  200  observations  a  single  one 
showed  a  deflection  of  the  horizontal  needle  to  the  south  of  the 
normal.  Again,  in  accordance  with  our  assumptions,  there 
should  be  a  continuous  progress  in  the  pointings  of  the  hori- 
zontal needle  from  zero  up  to  the  maximum  and  back  again  to 
zero  in  approaching  a  magnetic  rock.  Sometimes  the  observa- 
tions do  not  show  this  regular  march.  To  take  still  another 
example,  parallel  traverses  across  the  same  rock,  when  there 
has  been,  so  far  as  known,  no  change  in  strike,  dip  and  depth 
of  covering  ought  to  show  precisely  equal  dip-curves  and  the 
same  horizontal  deflections  at  corresponding  stations.  In  fact, 
close  similarit}'  is  the  rule,  but  absolute  equality  does  not  occur 
at  all. 

Many  irregularities  of  the  kind  stated  are  no  doubt  to  be 
ascribed  to  the  fact  that  the  assumption  as  to  the  uniform  dis- 
tribution of  magnetite  is  never  exactly  true.  While  this  as- 
sumption is  the  only  one  possible  to  make,  in  the  lack  of  com- 
plete knowledge,  for  the  purposes  of  analysis  and  illustration, 
it  is  only  statistically  true.  It  applies  to  the  whole  assemblage 
of  facts  better  than  any  other,  no  doubt,  but  in  certain  extreme 
cases  the  departure  of  the  actual  phenomena  from  those  ex- 
pected may  be  of  moment. 

The  larger  part  of  the  irregularities,  however,  are  probably 
due  to  the  fact  that  the  rock-surface  and  the  surface  of  the 
ground  are  not  geometrical  planes,  and  are  not  parallel,  as  has 
been  assumed.  The  sub-aerial  surface  is  really  irregular  and 
uneven,  and  the  rock-surface  must  be  of  the  same  character. 
A  local  depression  of  the  surface  of  the  ground  would  carry  a 
station  located  in  it  nearer  the  magnetic  rock  than  it  belonged 
by  virtue  of  its  horizontal  position;  a  local  elevation  would 
carry  it  farther  away.  In  both  cases  there  would  be  a  break 
in  the  regular  sequence  of  the  observations  to  be  expected  from 
theory.  Likewise,  the  protrusion  of  a  knob  above  the  general 
level  of  the  rock-surface  would  give  this  knob  a  disproportion- 
ate weight  in  the  general  resultant  of  the  rock-force  and  inter- 
rupt the  sequence  at  stations  in  the  neighborhood. 

The  irregularities,  therefore,  while  they  show  that  certain 
assumptions,  made  for  the  purpose  of  bringing  the  facts  within 
the  reach  of  analytical  treatment,  are  somewhat  ideal,  are  yet 
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on  the  whole  not  subversive  of  the  fundamental  conceptions  of 
the  manner  in  which  the  magnetic  force  is  contained  in  the 
rocks,  but  on  the  contrary  decidedly  strengthen  them.  One  of 
our  fundamental  conceptions  is  that  the  south-poles  of  the  little 
magnets  are  all  at  the  rock-surface.  An  irregularity  which 
could  only  be  explained  by  supposing  that  the  north-poles  were 
at  the  rock- surface  would  be  subversive  of  this  conception. 
But  no  such  case  has  been  found  among  the  observations  at 
10,000  stations. 

Another  source  of  anomalous  deflections  is  no  doubt  to  be 
found  in  the  intrusives,  which  are  usuallj^  abundant  in  the  out- 
cropping areas,  and  are  unquestionably  equally  abundant  in  the 
covered  areas.  These,  by  locally  increasing  the  width  of  the 
magnetic  formations,  or  by  entirely  interrupting  them,  or  by 
splitting  them  into  many  separated  sheets,  produce  changes  in 
the  sequence  of  deflections  which  cannot  clearly  be  ascribed  to 
definite  causes.  Many  apparent  irregularities  due  to  these 
causes  would  cease  to  be  such,  if  observations  were  made  at 
closer  intervals,  and  the  traverse-lines  were  nearer  to  each  other. 

Section  IX. — Description  of  the  Results  Eeached  in 
A  Special  Case. 

As  an  example  of  the  power  of  magnetic  methods  in  unravel- 
ling the  geology  of  a  favorable  region  it  may  be  of  interest  to 
give  an  account  of  our  results  and  the  steps  by  which  they  were 
reached  in  the  area  between  the  Marquette  and  Menominee 
iron-districts  in  Michigan.  These  results  are  not  only  of  some 
importance  in  themselves,  since  they  have  added  25  miles  of  iron- 
formation,  with  its  economic  possibilities,  to  what  was  known 
before,  but  they  threw  the  first  clear  light  on  the  relations  be- 
tween the  Marquette  and  Menominee  rocks,  which  previously 
had  been  a  matter  of  speculation  only;  and  also  have  been  in- 
strumental in  settling  tlie  question  of  the  true  place  of  certain 
of  the  Marquette  rocks  in  the  geological  column.  That  these 
matters  may  be  clearly  understood,  it  is  first  necessary  to  give 
a  short  account  of  the  geology  of  this  portion  of  the  Upper 
Peninsula. 

The  main  belt  of  the  Lower  Menominee  iron-bearing  rocks, 
in  which  are  situated  all  the  productive  mines  of  the  Menomi- 
nee range  which  lie  east  of  the  Ludington  and  Chapin,  has  a 
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present  determined  extent  from  Iron  Mountain  on  the  west  to 
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the  vicinity  of  the  Breen  mine  on  the  east,  where  it  entirely 
disappears  under  the  horizontal  mantle  of  Palaeozoics.    Through 
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this  distance  it  lies  on  the  north  side  of  the  Menominee  river, 
which  forms  the  boundary  here  between  Michigan  and  Wis- 
consin. 

With  our  present  knowledge  the  Lower  Menominee  series 
may  be  broadly  divided  into  four  members.  The  lowest  of 
these  is  a  vitreous  white  or  light-colored  quartzite,  usually  very 
heavily  bedded,  and  certainly  often  many  hundred  feet  in  thick- 
ness. This  rests  unconformably  on  the  Archaean  complex  of 
gneisses,  granites  and  schistose  rocks  of  many  kinds.  Above 
the  quartzite  is  a  white  or  cream-colored  crystalline  dolomite, 
also  many  hundred  feet  thick.  Xext  comes  a  slate  formation,  in 
which  are  enclosed  the  great  lenticular  masses  of  iron-ore  with 
associated  jasper,  which  have  been  so  extensively  worked  at 
Iron  Mountain  and  ]!!forway.  The  thickness  of  the  slates  and 
included  ore  on  one  section  is  somewhat  less  than  300  feet.  In 
certain  other  places  it  is  known  to  be  less  than  this ;  and  else- 
where it  may  be  more.  Finally,  the  highest  member  of  this 
lower  series  certainly  known  to  exist,  is  a  lean  jasper,  consisting 
essentially  of  iron-ore  and  variously-colored  quartz,  some  of 
which  is  fragmental,  often  banded  or  confusedly  mixed,  which 
has  already  been  referred  to  as  the  Michigamme  jasper. 

When  the  range  comes  to  be  studied  in  detail,  it  may  be 
found  convenient  further  to  subdivide  these  four  formations,  or 
other  additional  members  may  be  discovered. 

The  geological  structure  of  the  Menominee  range  has  never 
been  closely  determined.  There  can  be  little  doubt,  however, 
that  it  will  be  found  to  be  a  synclinorium  probably  complicated 
by  extensive  faults. 

About  13  to  16  miles  north  of  the  Menominee  river  is  the 
nearly  parallel  east-and-west-striking  synclinorium  of  the  Felch 
mountain  range,  in  which  these  same  four  formations  occur  in 
tlie  same  order  of  superposition.  Between  the  tAvo  ranges  are 
at  least  tvvo  other  pinched-in  folds  of  undetermined  extent, 
from  which  erosion  has  removed  for  the  most  part  all  but  the 
lower  formations.  The  intervals  between  are  occupied  by  the 
Archaean. 

Xorth  of  the  Felch  mountain  range  a  few  scattered  outcrops 
of  rocks  which  belong  to  one  or  another  of  these  formations  are 
known  ;  but  it  is  not  until  we  reach  the  Michigamme  and 
Fence  rivers  in  Townships  43  and   44  N.,  Range  31  W.,  that 
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their  relations  have  been  detcrmincfl.  Here  we  find  tlie  upper 
three  of  the  four  formations,  the  jasper,  the  slate,  and  the  dolo- 
mite, while  the  lower  quartzite  has  disappeared  as  a  quartzite, 
and  is  represented  })artly  by  an  arenaceous  slate,  and  also  by  a 
greatly  increased  thickness  of  the  dolomite.  These  formations 
maybe  traced  north  up  the  Fence  river  for  12  miles.  The  only 
very  important  change  of  character  consists  in  the  mingling, 
and  perhaps  eventual  total  replacement,  of  the  slates  with  rocks 
of  volcanic  origin. 

This  series  along  the  Michigamme  and  Fence  rivers  is  the  east- 
ern part  of  a  ring  of  sediments  and  volcanics  surrounding  an 
oval  area  of  Archsean  granites  and  granitoid  gneisses,  from 
which  they  dip  away  in  all  directions.*  Along  the  Fence  river 
the  direction  of  dip  is  easterly,  at  angles  varying  from  70°  to 
as  low  as  20°.  Outcrops  are  not  very  numerous;  but  they  are 
sufiicient  to  establish  the  fact  that  the  Menominee  formations, 
with  the  possible  exception  of  the  jasper  on  the  west  side,  com- 
p)letely  surround  the  crystalline  core.  In  the  case  of  the  jasper 
the  magnetic  disturbances  to  which  it  gives  rise  permit  its  pre- 
cise location  along  a  continuous  magnetic  line  from  the  southern 
end  of  the  dome  to  its  northern  end,  along  a  distance  of  12 
miles.  In  this  distance  it  is  brought  to  light  less  than  half  a 
dozen  times  in  natural  exposures  and  in  test-pits;  but  the  mag- 
netic disturbances  connecting  these  are  so  vigorous  and  clearly 
defined  that  there  can  be  no  possible  doubt  of  its  continuity. 

This  jasper  is  the  Michigamme  jasper,  and  the  magnetic  line 
which  establishes  its  position  may  be  called  the  "  C  "  line. 

We  have  then  in  T's  44  and  45  N.,  R.  31  W.,  three  of  the 
Lower  Menominee  formations  overlying  a  dome  of  Archtean 
crystalline  rocks,  and  dipping  towards  the  east. 

In  the  productive  portion  of  the  Marquette  range  between 
^NTegaunee  on  the  east,  and  Republic  on  the  west,  the  Lower  Mar- 
quette series  consists  of  two  or  three  clearly-marked  formations, 
which,  perhaps,  may  further  be  subdived  according  to  indi- 
vidual taste.  The  lowest  of  these,  which  rests  on  the  Archaean 
complex,  is  fragmental  in  origin,  and  is  prevailingly  a  white 
vitreous  c^uartzite,  which  in  one  or  two  localities  is  conglom- 
eratic near  the  base.     Often  it  is  represented  by  a  muscovite 

*  The  eastern  half  only  of  this  Archaean  oval  is  shown  in  Fig.  27. 
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schist  as  the  result  of  the  dynamic  metamorphism  of  the  oriijcinal 
arkose.  In  the  eastern  part  of  the  productive  area,  and  along 
the  northern  side  of  the  main  fold  in  the  western  part  of  the 
district,  this  formation  is  overlain  by  siliceous  slates.  Elsewhere 
the  slates  are  not  present,  or  are  not  known. 

The  next  higher  formation  is  the  I^egaunee  iron-formation, 
which  has  already  been  described  in  Section  11.  This  rock, 
which  has  many  phases,  as  there  noted,  is  clearly  marked  olf 
from  the  lower  quartzite  by  its  great  richness  in  iron,  and  by 
the  fact  that  over  the  whole  Marquette  district  it  nowhere  ap- 
pears to  contain  fragmental  material,  except  in  the  transitional 
zone  between  it  and  the  lower  formations. 

Above  these  conformable  formations  comes  the  unconform- 
ably-placed  Upper  Marquette  series,  the  base  of  which  rests, 
now  on  one  member,  now  on  the  other,  or  on  the  Archfean. 

East  and  south  of  Xegaunee,  and  extending  thence  to  the 
shore  of  Lake  Superior  at  Marquette,  is  a  series  of  rocks  which 
resemble  lithologically  neither  the  Upper  nor  the  Lower  Mar- 
quette series.  It  consists,  in  ascending  order,  of  quartzite, 
with  basal  conglomerates,  dolomite,  and  slates.  This  series, 
named  by  Wadsworth*  the  Mesnard  series,  has  been  regarded 
by  him,  as  well  as  by  Van  IIise,t  as  belonging  with  the  Upper 
Marquette  series,  or  at  least  as  overlying  the  Lower  Marquette 
formations  just  described.  Major  T.  B.  Brooks  had  earlier 
correlated  the  dolomite  with  the  Lower  Marquette  quartzite, 
and  luicl  supposed  that  there  was  a  gradual^  passage  from  one 
into  the  other  along  the  strike. 

This  series  is  found  only  on  the  extreme  eastern  edge  of  the 
Marquette  area,  between  Goose  Lake  and  Lake  Superior,  over 
a  length  of  about  6  miles.  Elsewhere,  over  by  far  the  greater 
part  of  the  Marc[uette  range,  no  member  of  it  has  been  recog- 
nized. 

The  geological  structure  of  the  Marquette  range  presents  the 
general  features  of  an  east-and-west-striking  complex  syncline  or 
synclinorium.  The  pre-Cambrian  sedimentary  rocks,  with  their 
associated  instrusive  and  extrusive  igneous  rocks,  occupy  the 
trough,  in  which  there  is  much  local  complexity  of  structure, 

*  Report  State  Board  Geological  Survey,  Michigan,  1893,  p.  65. 
t  Bull.  Geol.  Soc.  Am.,  vol  v.,  1898,  p.  5. 
X  Geol.  Sur.  Mi:h.,  vol.  i.,  pp.  108,  109. 
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and  are  flanked  on  the  north  and  south  by  the  older  Archfcan 
cr^'stallines. 

At  the  western  end  of  the  range  (Fig.  27)  the  peculiar  Repub- 
lic trough  branches  from  the  main  synclinorium,  and  runs  south- 
east into  the  Archaean  rocks  for  6  or  7  miles,  having  a  nearly 
constant  width  of  about  half  to  three-quarters  of  a  mile.  In  this 
trough  the  Algonkian  rocks  have  been  so  closely  compressed 
that  they  stand  essentially  on  edge.  The  interior  is  occupied 
by  the  younger  Upper  Marquette  quartzites  and  schists,  between 
which  and  the  underlying  Archaean  walls  the  older  Lower  IVIar- 
quette  iron-formation  and  quartzite  here  and  there  occur. 

The  northwestern  end  of  the  Republic  trough  is  about  the 
western  limit  of  mining  development,  though  not  of  explora- 
tion, on  the  south  side  of  the  Marquette  synclinorium.  Up  to 
this  point  outcrops,  producing  mines,  and  old  explorations  are 
sufficiently  abundant  to  permit  the  separate  formations  to  be 
traced  and  mapped  with  comparative  ease,  and  to  indicate  at 
least  the  larger  structural  features. 

At  this  northwestern  end  of  the  Republic  trough  the  lower 
Marquette  series  makes  an  abrupt  turn  to  the  south,  and  may 
be  followed  for  a  mile  or  more  by  occasional  outcrops  and  test- 
pits.  The  N"egaunee  iron-formation  is  persistently  present 
beneath  the  Upper  Marquette  quartzite,  and  gives  rise  to  a 
very  strong  and  persistent  line  of  attraction,  which  was  fol- 
lowed in  our  work  for  about  12  miles  to  the  south  and 
southeast.  For  about  4  miles  from  the  sharp  turn  at  the 
mouth  of  the  Republic  trough,  it  runs  nearly  due  south; 
afterwards  it  turns  somewhat  to  the  east  of  south,  and  follows 
that  course  for  about  6  miles,  after  which  it  turns  more  and 
more  towards  the  east,  and  finally,  where  we  left  it,  its  course 
was  only  slightly  south  of  east.  That  this  magnetic  line  is 
caused  by,  and  marks  the  position  of  the  Negaunee  iron-forma- 
tion, there  cannot  be  the  slightest  doubt,  for  that  rock  outcrops 
in  a  few  scattered  localities,  occurs  abundantly  in  the  drift, 
and  has  been  found  in  occasional  test-pits  and  drill-holes 
throughout  this  distance.  The  underlying  quartzite  outcrops 
beneath  the  iron-bearing  formation  near  the  northern  end  of 
the  line ;  but  farther  south  it  is  entirely  covered  by  the  drift, 
80  far  as  the  territory  has  been  examined.  The  overlying  Upper 
Marquette    rocks  are   also  known  to  exist  just   west  of  the 
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Negaunee  formation  for  a  large  part  of  this  distance.  The 
magnetic  line  which  accompanies  the  Negaunee  formation  may 
be  called  the  "  A  "  line.  Taking  into  account  the  connected 
Republic  trough  and  its  exposures  of  the  Lower  Marquette 
rocks,  it  is  seen  that  the  "  A  "  line  partially  surrounds  a  dome 
of  the  Archaean  crystallines,  and  that  in  going  from  the  interior 
of  this  dome  outward  across  the  "  A  "  line  we  pass  from  older  to 
3'ounger  rocks.  The  dip  along  the  "  A  "  line  is,  therefore,  on 
the  whole,  towards  the  west,  although  the  observed  dips  at  the 
few  localities  where  determinations  have  been  made  are  either 
vertical  or  slightly  inclined  towards  the  east. 

The  southern  end  of  the  "  A "  line,  as  far  as  it  has  been 
traced  up  to  the  present  time,  passes  through  Sections  5,  8,  9, 
15  and  16  of  T.  45  K,  R.  30  W.  In  Section  5  it  is  just  5 
miles  east  of  the  "  C  "  line,  which,  as  has  already  been  said,  is 
caused  by  the  Michigamme  jasper,  a  magnetic  rock  occupying 
a  definite  place  in  the  Menominee  series,  which  again  is  under- 
lain by  other  typical  Menominee  formations,  and  finally  by  the 
Archaean. 

Between  the  "  A  "  and  "  C  "  lines  is  a  third  magnetic  line, 
which  may  be  called  the  "  B  "  line.  This  was  traced  parallel 
to  the  "  A  "  line  and  less  than  half  a  mile  away,  from  near  the 
south  end  of  the  latter  to  the  north  end,  and  finally  entirely 
round  an  elliptical  area,  closing  again  upon  itself  at  the 
starting-point,  the  perimeter  of  the  ellipse  being  25  miles  in 
length.  Throughout  this  entire  distance  not  a  single  outcrop 
could  be  discovered  along  the  "  B  "  line.  Within  the  enclosed 
area,  however,  several  exposures  of  granites  and  crystalline 
schists  were  found,  which  left  no  doubt  that  the  greater 
part  of  the  area  enclosed  by  the  "  B  "  line  was  occupied  by 
Archaean  rocks  of  the  same  general  character  as  those  partially 
enclosed  by  the  "  A  "  line  on  the  east  and  entirely  enclosed  by 
the  "  C  "  line  on  the  west.  The  area  between  the  "  A  "  and 
"  B  "  lines  was  also  proved  to  contain  the  basal  member  of  the 
Upper  Marquette  series.  The  southwestern  quadrant  of  the 
"  B  "  line  ellipse  is  nearly  parallel  to  the  "  C  "  line  and  only  a 
mile  and  a  half  away. 

The  known  facts  with  reference  to  the  "B"  line  are  these:  (1) 
It  represents  a  magnetic  rock;  (2)  this  magnetic  rock  completely 
encircles  an  Archaean  core.     It  can  further  be  inferred  with 
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practical  certainty  that  this  magnetic  rock,  which  carries  such 
constant  nKignetic  properties  for  25  miles,  must  be  sedimentary. 
AVith  regard  to  its  structure,  the  foregoing  considerations  would 
necessarily  involve  the  conclusion  that  it  dips  away  from  the 
Arcluvan  core  in  all  directions,  and  this  conclusion  is  fortified 
by  the  unsvmmetrical  separation  of  the  horizontal  maxima  on 
the  magnetic  cross-sections.  It  follows,  therefore,  that  on  the 
eastern  side  of  the  oval,  where  it  is  parallel  to  the  "  A  "  line, 
it  dips  towards  the  east,  and  on  the  western  side,  where  it  is 
parallel  to  the  "  C  "  line,  it  dips  toward  the  west.  This  conclu- 
sion is  further  supported  by  the  dips  within  the  ellipse  in  the 
outcropping  Arclia?an  rocks  that  show  structure.  These  all 
happen  to  lie  east  of  the  major  axis,  and  all  dip  towards  the 
east. 

East  of  the  "  B  "  line,  and  between  it  and  the  "  A ''  line,  is 
found  the  basal  member  of  the  Upper  Marquette  series.  The 
rock  which  is  manifested  in  the  '■■  B  "'  line  must,  therefore,  be 
older  than  any  member  of  the  Upper  ^larquette  series.  The  !Xe- 
gaunee  iron-formation,  represented  in  the  *'  A  "  line,  dips  west, 
while  the  rock  of  the  ''  B  "'  line  dips  east.  They  are  both  older 
than  the  basal  member  of  the  Upper  Marquette  series,  and  are 
both  younger  than  the  Archaean.  They  are  both  strongly  and 
persistently  magnetic.  For  8  or  10  miles  they  run  parallel  to 
each  other  less  than  half  a  mile  apart.  Their  broad  structural 
relations  to  the  Archtean  basement  of  the  region  are  precisely 
similar.  Therefore,  although  the  rock  that  gives  rise  to  the 
"  B  '"  line  has  never  yet  been  seen,  it  may  be  concluded  with 
the  utmost  confidence  that  it  is  the  Xegaunee  iron-formation, 
and  that  the  "  A  "  and  "'  B  "  lines  represent  this  rock  brought 
up  in  the  two  limbs  of  a  narrow  and  probably  deep  synclinal 
fold. 

This  conclusion  carries  the  Xegaunee  iron-formation  3^ 
miles  farther  to  the  west,  and,  in  the  northeast  part  of  T.  45  X., 
R.  31  W.,  leaves  a  gap  of  but  1|  miles  between  the  Lower  Mar- 
quette and  the  Lower  Menominee  series. 

Here,  between  the  "  B  "  and  "  C  "  lines,  is  precisely  the  same 
situation  as  between  the  "  A  "  and  "  B."  One  magnetic  rock 
represented  by  the  "■  B  "  line  dips  west,  the  other,  the  Michi- 
gamme  jasper,  represented  by  the  "  C  "  line,  dips  east.  Be- 
tween them  no  mao-netic  disturbances  can  be  found.     The  area 
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between  them  must  have  a  syncUnal  structure,  and  if  they  are 
not  one  and  the  same  formation,  then  each  must  undergo  an 
extremely  rapid  and  precisely  similar  change  in  lithological 
character  (i.e.,  the  loss  of  magnetite)  in  a  very  short  distance, 
and  be  represented  on  the  opposite  side  of  the  synclinal  fold 
by  a  non-magnetic  formation.  Each  of  these  rocks  is  per- 
sistently, magnetic  in  the  direction  of  the  strike  for  great  dis- 
tances. That  each  should  independently  lose  its  magnetite  in 
the  direction  of  the  dip  in  this  particular  locality  is  very  im- 
probable. And  so  the  grounds  for  the  conclusion  that  the 
"  B  "  and  "  C  "  lines  represent  one  and  the  same  rock  are 
quite  as  firm  as  those  upon  which  rests  the  conclusion  that  the 
"  A  "  and  "  B  "  lines  represent  the  same  formation. 
*  Therefore,  depending  entirely  upon  the  structural  results  of 
magnetic  work  and  upon  the  lithological  inferences  that  may 
at  the  same  time  be  drawn  from  it,  the  conclusion  has  been 
reached  that  the  ISTegaunee  iron-formation  of  the  Marquette  dis- 
trict is  identical  in  age  with  the  Michigamme  jasper  of  the 
Menominee  district.  Furthermore,  this  conclusion  which  is,  as 
geological  results  go,  of  an  exceptionally  high  order  of  proba- 
bility, has  been  arrived  at  by  working  over  a  district  in  which 
outcrops  are  essentially  non-existent. 

This  conclusion  once  established  has  important  conse- 
quences upon  our  ideas  of  the  early  geological  history  of  what 
is  now  the  Upper  Peninsula  of  Michigan.  First,  however,  it 
should  be  said  that  there  are  excellent  reasons  for  believing 
that  the  Michigamme  jasper  represents  not  only  the  Negaunee 
iron-formation,  but  also  the  quartzite  which  immediately  under- 
lies it  over  the  southern  half  of  the  Marquette  range  as  well. 
These  reasons  need  not  be  stated  here,  as  they  could  not  be 
made  clear  without  too  long  a  description  of  the  results  of 
petrographical  study. 

The  first  consequence  is  that  the  formations  which  constitute 
the  whole  of  the  Lower  Marquette  series  over  the  25  miles  or 
more  of  the  productive  and  best-known  portion  of  the  range, 
are  represented  in  the  Menominee  district  and  the  intervening 
area  by  a  single  formation,  and  that  the  highest  in  the  Lower 
Menominee  succession — the  Michigamme  jasper.  The  Menomi- 
nee formations  ])elowthe  Michigamme  jasper  are  then  all  older 
than  the  Marquette  rocks  and  do  not  occur  at  all  within  the 
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area  of  the  Marquette  rocks  proper.  This  suggested  at  ouce 
two  questions :  (1)  why  these  lower  formations  are  absent  from 
the  Marquette  area;  and  (2)  whether  the  Mesnard  series,  in  the 
eastern  marginal  area,  which  lithologicallj  and  in  the  order  of 
superposition  of  the  individual  members  is  remarkably  like 
these  Lower  Menominee  formations,  may  not  be  really  l)clow 
and  not  above  the  lower  Marquette  series.* 

Additional  field-study  has  answered  the  second  question  in 
the  affirmative,  and  the  Mesnard  series  has  since  been  shown 
by  the  United  States  Geological  Survey  really  to  underlie  the 
wide-spread  formations  of  the  Lower  Marquette  series  proper. 

To  the  first  question  there  seem  to  be  two  answers  which  are 
a  ■priori  possible.  It  is  conceivable  that  the  Menominee  quartz- 
ite,  dolomite  and  slate,  or  some  of  them,  were  deposited  in  a 
succession  of  unbroken  sheets  over  the  whole  Marquette  area, 
in  continuity  with  the  similar  Mesnard  formations,  and  that 
afterwards  the  main  Marquette  area  was  elevated  above  the 
sea  and  entirely  stripped  of  these  formations  by  long-continued 
denudation.  Finally,  when  the  time  of  deposition  of  the  Michi- 
gamme  jasper  came  round,  this  elevated  area  had  again  been 
reduced  to  sea-level  and  subsided  below  it,  so  that  the  I^egau- 
nee  iron-formation  and  the  Michigamme  jasper  were  deposited 
in  an  unbroken  sheet  over  the  whole.  If  this  hypothesis  is 
correct,  two  consequences  should  follow  from  it.  First,  we 
ought  to  find  some  discordance  between  the  Michigamme  jas- 
per or  the  Lower  Marquette  quartzite  and  the  lower  formations 
in  the  marginal  areas  between  the  Menominee  and  Marquette 
and  Mesnard  and  Marquette  areas  respectively,  or  at  least  a 
gradual  cutting  out  of  these  lower  formations  by  the  iron-bear- 
ing members  and  the  lower  quartzite.  And  second,  we  ought 
to  find,  in  the  lack  of  discordance,  rocks  present  in  the  areas 
of  continuous  deposition,  which  represent  the  time  of  denuda- 
tion. 

"With  regard  to  the  first  of  these  consequences  no  verification 
is  possible,  at  least  in  the  territory  between  the  Marquette  and 
Menominee  districts,  from  the  lack  of  outcrops.  From  the 
northwestern  end  of  the  Republic  trough  in  T.  47  jST.,  R.  30W.,to 
the  "  C  "  line  in  T.  45  X.,  R.  31  W.,  there  are  no  exposures  what- 

*  Am.  Jour.  ScL,  vol.  xlvii.,  March,  1894,  p.  222. 
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ever  of  tlie  Algonkian  rocks  which  underlie  the  jasper.  In  this 
distance  of  about  11  miles  there  is  certainly  room  for  a  cutting 
out  of  the  lower  formations.  l!Tor  (for  the  same  reason)  can  it 
be  definitely  settled  whether  elsewhere  farther  within  the  Me- 
nominee area  there  is  any  discordance.  That  there  is  general 
parallelism  between  the  jasper  and  the  lower  rocks,  and  strict 
conformity  in  some  places,  is  true.  But  this  is  not  at  all  incon- 
sistent with  a  period  of  erosion  between  them,  if  that  erosion 
antedated  the  later  and  more  severe  orogenic  disturbance.  In 
at  least  one  place  there  is  a  very  great  structural  discordance 
visible,  which  may  very  likely,  however,  be  due  to  faulting. 

What  the  situation  is  in  the  Mesnard  area  I  do  not  know, 
but  the  facts  at  present  known  on  the  Menominee  side  may  be 
said  not  to  exclude  the  possibility  of  some  period  of  erosion  in 
the  Menominee  area  below  the  jasper. 

With  regard  to  the  second  consequence,  viz.,  the  deposition 
in  the  submerged  areas  of  formations  which  would  represent  the 
erosion-period  in  the  elevated  area,  the  evidence  at  hand  is 
decidedly  against  the  existence  of  such  formations. 

The  alternative  hypothesis  is  that  the  lower  quartzite,  dolo- 
mite and  slate  formations  of  the  Menominee  and  Mesnard 
areas  were  never  deposited  over  the  Marquette  area  at  all,  and 
this  hypothesis  is  much  more  likely  to  be  the  true  one.  We 
can  suppose,  as  I  have  already  pointed  out,*  that  this  part  of 
the  Upper  Peninsula  was  a  slowly  subsiding  area,  the  central 
portion  of  which,  now  occupied  by  the  Marquette  rocks,  stood 
at  a  greater  elevation  above  the  encroaching  sea  than  the  rest. 
While  the  quartzite-dolomite-slate  triad,  pointing  to  deepen- 
ing water,  was  going  down  in  the  Mesnard  area  on  the  east 
and  the  Menominee  area  on  the  south  and  west,  the  central 
Marquette  area  remained  above  the  sea.  At  last,  when  the 
Michigamme  jasper  began  to  be  deposited  in  the  Menominee 
area,  the  Marquette  high-land  was  finally  submerged,  and  cov- 
ered, as  the  sea  marched  over  it,  first  with  a  sheet  of  arkose 
made  up  of  its  own  disintegrated  debris,  and  finally  with  the 
same  non-elastic  sediments  as  chiefly  compose  the  Michigamme 
jasper. 

To  this  very  definite  reading  of  the  earlier  geological  history 

*  Am.  Jour.  ScL,  vol.  xlvii.,  March,  1S94,  p.  222. 
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of  this  portion  of  the  Upper  Peninsula  we  are  directly  led  ^s 
a  consequence  of  the  identification  of  the  Negaunee  iron-forma- 
tion Avith  the  Michigamme  jasper,  through  a  magnetic  survey 
conducted  as  set  forth  in  this  article.  AVith  this  identification 
firmly  established,  the  general  relations  of  the  ^larquetle  and 
Menominee  series  become  clear,  although  there  is  still  room  for 
doubt  on  certain  points. 


The  Cyanide-Process  in  the  United  States. 

BY  GEORGE  A.  PACKARD,  BOSTON,  MASS. 

(Colorado  Meeting,  September,  189C.) 

When,  in  April,  1892,  the  writer  began  experimenting  with 
the  cyanide-process,  it  had  already  proved  a  success  in  the 
treatment  of  tailings,  but  had  not  become  an  important  factor  as 
a  primary  method  of  ore-treatment.  The  Livingston,  Colorado, 
mill  was  running  a  few  small  agitators;  the  Mercur  mill,  in 
Utah,  was  said  to  be  a  success,  but  was  "  closed  down  to  in- 
crease capacity ;  "  and  Mr.  A.  B.  Paul,  in  Shasta  county,  Cali- 
fornia, was  running  ore  through  a  stamp-mill  into  leaching- 
vats,  using  a  weak  cyanide  solution  in  the  battery.  Mills  had 
been,  or  were  being,  erected  in  Arizona ;  on  the  Comstock  lode ; 
and  in  South  Dakota.  Some  of  these  never  started,  and  sev- 
eral were  shut  down  or  remodelled  for  other  processes.  Alto- 
gether, the  outlook  was  anything  but  favorable. 

Many  of  these  mills  were  planned  to  make  use  of  agita- 
tion, and  a  cyanide  solution  containing  at  least  1  per  cent,  of 
potassium  cyanide  was  employed.  Since  then  the  improve- 
ment of  the  process,  both  chemically  and  mechanically,  has 
placed  it  among  the  recognized  successful  methods  of  ore- 
treatment. 

"Within  the  past  year  I  have  visited  a  large  number  of  cyan- 
ide-mills, and  have  collected  considerable  data,  of  which  I 
publish  enough  herewith  to  give  an  idea  of  the  development  of 
the  process  and  of  the  methods  followed  in  the  principal  mills. 
I  would  say,  however,  that  nearly  all  of  these  plants  are  ex- 
perimenting, most  of  them  employing  experienced  chemists, 
VOI-.  XXVI. — 46 
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and  are  so  constantly  making  improvements,  increasing  extrac- 
tion and  decreasing  cost  of  treatment,  that  the  figures  here 
given  are  only  approximate. 

Table  I.  shows  the  character  and  approximate  composition  of 
the  ore  treated  by  cyanide  at  a  number  of  mills,  and  Table  11. 
gives  the  details  of  treatment  (pages  719  and  720). 

The  process  has  been  applied  on  a  large  scale  only  to  rather 
low-grade,  highly  siliceous  ores,  containing  but  a  small  per- 
centage of  base  metals  and  having  their  value  principally  in 
gold.  In  fact,  the  cyanide-process  has  a  field  of  its  own.  I 
have  been  told  of  one  instance  in  which  cyanide  competed 
successfully  with  the  smelters  on  ore  carrying  as  high  as  4 
ounces  in  gold,  the  ore  being  one  in  which  the  value  was 
easily  extracted  to  a  high  percentage.  In  the  Cripple  Creek 
district,  where  an  extraction  of  90  per  cent,  is  obtained  in  from 
four  to  six  days,  and  where  the  smelting-charges  were  from  $5 
to  |7  per  ton,  ore  running  as  high  as  $40  was  in  1895  bought 
by  the  cyanide  mills. 

"With  silver-ores,  while  some  very  good  results  have  been  ob- 
tained, the  length  of  time  required  for  treatment  has  usually 
been  too  long,  and  the  consumption  of  cyanide  too  high,  for  the 
process  to  give  economical  results.  There  are,  however,  several 
plants  in  the  vicinity  of  Tombstone,  Arizona,  working  on  silver- 
ores.  In  the  case  of  ores  containing  from  1  to  10  ounces  of  sil- 
ver, in  addition  to  a  commercial  gold-value,  the  process  has 
been  advantageously  employed.  Thus  the  Golden  Reward 
Company,  in  South  Dakota,  having  certain  ores  containing 
from  1  to  5  ounces  of  silver  which  was  lost  in  chlorination,  has 
built  an  addition  to  the  plant,  in  which  such  ores  are  treated 
with  cyanide. 

Chlorination  is  the  only  process  the  field  of  which  the  cyan- 
ide method  is  seriously  invading.  For  mines  located  at  a  con- 
siderable distance  from  a  railroad  the  cost  of  transportation  of 
the  chemicals  used  in  chlorination  has  been  hitherto  an  almost 
prohibitory  factor;  and  here,  at  least  until  the  use  of  liquid 
chlorine  becomes  a  practical  success,  cyanide  has  the  advantage. 
At  the  Golden  Reward  plant,  early  in  1895,  they  were  using 
for  chlorination  about  35  pounds  of  chemicals  per  ton  of  ore, 
while  only  2^  pounds  were  necessary  for  treating  1  ton  with 
cyanide.     As  already  observed,  if  there   is  silver  present,  the 
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cyanide  has  the  advantage  that  part  of  the  silver  is  recovered  ; 
but,  so  far  as  my  observation  goes,  the  gold-extraction  is  usually 
higher  by  chlorination  than  by  cyanide. 

With  amalgamation,  cyanide  enters  into  competition  only  in 
the  case  of  very  tinely-divided  gold,  which  is  saved  more  or 
less  successfully  in  pans.  Generally  speaking,  ores  suited  to 
one  process  are  not  suited  to  the  other.  Thus  at  the  mill  at 
Cooke,  Montana,  there  was  a  sudden  change  last  year  in  the 
character  of  the  ore.  A  quantity  of  very  fine  free  gold  appeared 
in  a  mine  where  a  "  color  "  had  but  rarely  been  seen  before. 
This  gold,  although  so  tine  as  to  pass  through  a  60-mesh  screen, 
could  not  be  extracted  by  the  strength  of  the  solution  employed, 
and  in  the  length  of  time  usually  allowed  on  the  ore  there  being 
treated,  while  the  value  of  this  new  ore  was  too  low  to  per- 
mit the  use  of  a  stronger  solution  (entailing  larger  cyanide- 
consumption)  or  a  longer  time.  To  save  this  gold,  and  a  little 
pyrites,  the  tails  were  passed  over  a  system  of  riffles  and  blan- 
kets. A  similar  arrangement  has  since  been  used  at  one  of  the 
Florence,  Colorado,  mills,  to  save  the  coarse  gold  resulting 
from  roasting  ores  containing  tellurides. 

The  treatment  of  low-grade  concentrates  has  not  generally 
proved  a  success,  on  account  of  the  long  time  and  high  con- 
sumption of  cyanide  involved ;  and  smelter-rates  are  too  favor- 
able to  make  the  process  profitable  on  high-grade  concentrates, 
save  in  exceptional  cases. 

There  are  at  least  two  districts  in  this  country  where  the 
cyanide  process  has  proved  a  panacea :  Camp  Floyd  (Mercur), 
Utah,  and  Gilt  Edge,  Mont.  To  these  Cripple  Creek  might  be 
added ;  for  the  ability  to  sell  low-grade  ores  has  certainly  aided 
largely  in  the  development  of  that  camp. 

At  Mercur,  Mr.  E.  A.  Schneider*  says  "  the  gold  occurs  as  a 
fine  coating  on  particles  of  magnetic  iron  "  in  limestone.  The 
ore  is  somewhat  porous,  and  the  value  occurs  largely  along  cer- 
tain lines  of  cleavage  which  become  the  lines  of  fracture,  en- 
abling the  ore  to  be  treated  with  only  a  very  coarse  crushing. 
In  fact,  at  one  mill,  the  Marion,  treating  fifty  tons  a  day,  the 
only  crushing-machinery  is  a  I^o.  2  Gates  crusher,  from  which 
the  ore  goes  to  a  |-inch-mesh  trommel,  the  oversize  being  re- 

*  Eng.  and.  Min.  Jour.,  May  18,  1895, 
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turned.  In  nearly  all  of  tlie  mines  in  this  district  some  cinna- 
bar and  more  or  less  arsenic  occurs ;  much  of  it,  however,  is 
deposited  on  the  hanging-wall  in  such  a  manner  that  very  little 
is  sent  to  the  mills.  At  the  ^Marion  mill,  I  was  told  that  they 
sometimes  retorted  the  "  slimes  "  on  cleaning  up,  in  order  to 
save  the  quicksilver  deposited  on  the  zinc.  At  the  Geyser 
mill  I  was  told  that  they  sometimes  found  arsenic  as  the  oxide, 
though  never  enough  to  amount  to  more  than  ^  per  cent.  All 
of  the  arsenic  which  I  saw  in  the  district  was  a  sulphide.  It 
has  been  found  that  the  presence  of  a  very  small  quantity  of 
arsenic  in  the  ores  soon  fouls  the  solutions  so  that  they  cannot 
be  titrated  for  standardizing ;  and  at  most  of  the  mills  the  solu- 
tion is  thrown  away  if  it  becomes  badly  fouled. 

The  Gilt  Edge  ore  contains  porphyry  and  limestone,  and  is 
not  unlike  the  ores  of  the  Camp  Floyd  district.  There  are  but 
two  mills  in  operation  here. 

The  ores  of  the  Cripple  Creek  district  are  a  porphyry  (or 
phonolite),  containing  a  fraction  of  1  per  cent,  of  tellurium, 
some  of  which,  as  Prof.  Anderson,  of  the  American  Reduction 
Co.,  informs  me,  is  combined  with  gold  and  some  with  iron. 
When  the  tellurium  occurs  in  the  oxidized  condition,  the  ores 
are  easily  treated  raw ;  but  in  the  case  of  other  ores  a  prelimi- 
nary roast  is  required.  Up  to  the  present  time  the  glut  of  ore 
at  Cripple  Creek  has  been  so  great  that  the  cyanide-plants  have 
been  able  to  discriminate  closely  in  buying,  and  have  avoided 
ores  which  offered  either  chemical  or  mechanical  difficulties.  I 
am  told  that  the  roasting  of  ores  in  this  district  is  done  largely 
for  mechanical  reasons,  as  the  ore  leaches  much  more  freely 
after  roasting. 

In  South  Dakota,  the  ores  all  contain  a  little  sulphur,  and  in 
some  the  sulphur  runs  as  high  as  5  per  cent.  Both  mills  have 
found  that  a  higher  extraction  is  obtainable  after  roasting,  but 
it  is  accompanied  by  a  higher  consumption  of  cyanide. 

A  plant  at  Plumas  was  operated  for  a  time  on  concentrates, 
but  was  abandoned,  being  unable  to  compete  with  the  smelter. 

In  general,  ores  containing  much  sulphur  have  given  unsatis- 
factory results.  I  obtained  some  very  good  extractions  in  tests 
of  small  quantities  of  pyritic  ores  at  Cooke,  Mont.,  using  cyano- 
gen bromide,  and  Mr.  H.  C.  Cutler  obtained  similar  results  at 
the  University  of    Minnesota.      Mr.   Wallace   Macgregor,  in 
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charge  of  the  Congress,  Ariz.,  cyauide-niill,  reports  a  93  per 
cent,  extraction  from  ore  containing  pyrites,  which  had  received 
but  a  slight  roast,  and  which  he  treated  with  potassium  c^-anide 
alone.  Mr.  IMacgregor,  in  some  recent  experiments  on  ores 
containing  a  small  percentage  of  pyrites,  found  that  where  the 
ore  received  a  thorough  roast,  the  consumption  of  cyanide  is 
decreased ;  and  a  similar  effect  has  been  noticed  after  roasting 
at  the  Florence  mill  of  the  American  Reduction  Co. 

The  size  of  ore  leached  varies  from  through  a  |-inch-mosh  at 
the  Marion  to  through  a  40-mesh  at  the  Metallic  Reduction 
Co.'s  mill  at  Florence ;  and  the  crushing-  and  sizing-machinery 
rano-es  from  the  siuij-le  Gates  crusher  and  one  trommel  at  tlie 
former,  to  three  Gates  crushers,  three  multiple-jaw  crushers,  six 
sets  of  rolls  and  numerous  trommels  at  the  latter. 

The  method  of  conveying  ore  from  pulp-bin  to  leaching-vats 
is  almost  universally  by  cars  on  a  track  over  the  vats.  The 
Commercial  mill,  at  Bingham,  Utah,  has  inclined  spouts,  through 
which  the  ore  flows  from  a  centrally  located  bin  into  the  tanks, 
and  a  few  mills  have  bins  directly  over  the  tanks. 

The  vats  are  usually  round,  and  vary  from  9  to  26  feet  in 
diameter  and  from  2  to  5  feet  in  depth.  A  few  mills  have  all- 
steel  tanks.  In  Utah  many  of  the  vats  have  sides  of  iron  and 
wooden  bottoms — a  very  satisfactory  arrangement.  Other  mills 
have  vats  of  pine,  cypress  or  redwood,  sometimes  unpainted, 
but  usually  painted  with  paraffine-  or  asphaltum-paint. 

The  false  bottoms  consist  of  a  frame  of  strips,  or  of  boards 
in  which  1-inch  holes  are  made,  covered  with  jute  or  matting. 
Over  this  a  !N"o.  8  duck  is  sometimes  used,  especially  if  the  tank 
is  to  be  emptied  by  sluicing.  In  a  few  mills  a  gravel  filter  is 
used. 

The  method  of  leaching  I  find  to  be  quite  variable.  The 
preliminary  treatment  includes  the  use  of  lime,  caustic  soda 
and  sodium  dioxide.  Lime,  when  used,  is  mixed  directly  with 
the  ore.  In  some  cases  the  pulp  is  then  washed  with  water 
until  the  lime  is  all  washed  out.  At  other  mills  the  solution  is 
put  on  at  once.  Caustic  soda  is  used  in  the  same  way,  and  also 
in  solution  as  a  preliminary  wash.  At  the  Commercial  mill, 
Bingham,  Utah,  Mr.  Stephens  told  me  he  had  found  that  a 
preliminary  treatment  with  a  solution  of  sodium  dioxide  in 
water  gave  better  results  than  either  lime  or  caustic  soda,  and 
considerably  decreased  the  time  required  for  leaching. 
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Many  mills  begin  the  leach  by  admitting  the  solution  at  the 
bottom  of  the  vat,  until  the  ore  is  covered.  The  solution  is 
then  turned  on  top  and  allowed  to  run  on  at  the  top  and  drain 
oft'  at  the  bottom  simultaneously  for  a  certain  number  of  hours, 
the  surface  of  the  ore  being  kept  covered.  Very  good  results 
are  obtained  from  this  mode  of  treatment  when  the  tanks  are 
allowed  to  stand  for  a  short  time,  after  the  pulp  is  covered,  be- 
fore the  drainage-valve  is  opened  and  the  solution  turned  on 
top.  This  allows  the  whole  mass  to  become  thoroughly  satu- 
rated and  the  slow  draining  prevents  the  formation  of  channels. 
Any  great  depth  of  solution  on  top  of  the  charge  causes  it  to 
"  pack,"  and  an  uneven  extraction  follows.  In  the  Mercur  dis- 
trict the  ore  is  covered  with  solution,  which  is  allowed  to  stand 
from  thirty  minutes  to  six  hours  and  then  drawn  off.  This 
operation  is  repeated  from  eight  to  thirty-five  times.  Here  the 
material  leached  is  so  coarse  that  there  is  no  danger  of  "  pack- 
ing." Each  operation  of  covering  takes  from  two  to  six  hours. 
A  few  mills  cover  the  pulp  with  solution,  allow  it  to  stand  forty- 
eight  to  ninety-six  hours,  draw  it  off  and  wash.  Many  of  the 
mills  follow  the  strong  solution  with  a  wash  of  weak  solution 
(tV  P^^  cent,  or  less).  This  is  in  turn  followed  by  a  water- 
wash,  which  flows  through  the  zinc-boxes  into  the  weak-solu- 
tion tank,  and  becomes  the  first  wash  for  the  next  charge. 

A  few  mills  warm  the  solution,  and  at  one  mill  I  found  facili- 
ties for  steaming  the  charge  before  putting  on  the  solution. 

The  use  of  sodium  dioxide  in  connection  with  cyanide,  which 
is  known  as  the  Kendall  process,  has  been  adopted  at  a  few 
mills.  Prof.  Kendall  says  that  the  better  results  are  obtained 
by  adding  the  freshly-made  solution  of  dioxide  to  the  cj^anide 
solution ;  but  many  chemists  claim  that  much  oxygen  is  lost  in 
this  way,  which  is  made  available  when  the  dioxide  is  mixed, 
dry,  with  the  ore.  The  object  of  the  dioxide  is  to  furnish 
"  nascent  oxygen,"  which  "  acts  on  the  cyanide  to  liberate 
cyanogen,"  hastening  the  reaction.  My  own  experience  with 
the  use  of  dioxide  has  been  that,  in  general,  a  greater  extrac- 
tion is  obtained  in  a  short  time  (twenty-four  to  forty-eight 
hours) ;  but  that  at  the  end  of  a  long  time  (seventy-two  to  one 
hundred  and  twenty  hours)  the  extraction  with  dioxide  is  about 
the  same  as  with  cyanide  alone. 

The  only  method  of  removing  the  gold  from  the  solution 
known  to  the  writer  to  be  in  practical  use  in  this  country  is  by 
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precipitation  on  zinc  shavings.*  An  attempt  in  Arizona  to  pre- 
cipitate electrically  on  lead  sheets  (not  the  Siemens-IIalske 
method,  no  iron  anodes  heing  used)  pro\'ed  a  failure.  The  same 
plant  is  now  experimenting  with  precipitation  hy  "  zinc-fume." 

Fig.  1  shows  the  form  of  zinc-box  in  common  use.  The  box 
shown  here  is  made  of  2-inch  plank,  dressed  and  bolted  to- 
gether, and  painted  with  parafRne-paint.  It  has  six  compart- 
ments 13  by  20  inches  in  size  and  20  inches  deep. 

The  screen  on  which  the  line  shavings  rest  is  4  inches  above 
the  bottom.  In  the  bottom  of  each  compartment  is  a  1-inch 
pipe,  closed  by  a  stop-cock,  through  which  the  slimes  are 
drawn  off  in  cleaning  up.  The  zinc-boxes  at  the  Cripple  Creek 
mill  have  these  discharge-pipes  at  the  bottom,  through  the  side, 
and  discharge  into  a  trough  leading  to  a  tank.  At  the  Mercur 
mill  long  sheet-iron  boxes  are  used,  having  wooden  partitions 
wedged  in  place.  These  are  easily  removed  for  cleaning-up, 
and  the  slimes  are  all  brushed  together. 

Fig.  2  shows  the  form  of  the  boxes  at  the  South  Dakota 
mills.  Xo  iron  is  used  in  their  construction  and  they  are  care- 
fully painted  with  asphaltum.  A  series  of  these  is  used  in  lieu 
of  a  larger  box  divided  into  compartments.  The}'  have  the 
advantage  that  they  are  small  and  easily  handled  in  clean- 
ing up. 

About  sixty  pounds  of  zinc  shavings  are  necessary  to  fill  a 
box  of  the  size  shown  in  Fig.  1,  and  this  will  precipitate  the 
gold  from  about  1500  pounds  of  0.2  per  cent,  solution  per 
hour,  the  solution  carrying  from  0.1  ounce  to  0.8  ounce  of  gold 
per  ton  on  entering  the  zinc-box,  and  from  0.01  to  0.05  ounce 
on  leaving  it.  The  gold  in  wash-waters  and  weaker  solutions  is 
less  easily  precipitated,  a  much  longer  contact  with  the  zinc 
being  required. 

On  cleaning  up,  the  zinc  is  washed,  the  slimes  are  screened 
through  a  sieve  varying  from  ^-inch-mesh  to  60-mesh  at  differ- 
ent mills,  and  the  coarse  stuff  is  returned  to  the  zinc-box.  In 
this  country,  where  slimes  are  treated  at  the  mills  they  are 
subjected  to  the  action  of  acid  (usually  sulphuric),  the  zinc  is 
thoroughly  washed  out  and  the  residues  are  fluxed  and  melted. 

*  Electrical  precipitation  is  said  to  be  in  use  in  the  Okanogan  district,  Wash- 
ington.    See  Min.  and  Sc.  Press,  Oct.  17,  189(). 
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A  few  mills  ship  the  slimes  to  smelters  or  refiners,  but  the  dif- 
ficulty of  obtaining  a  satisfactory  sample  and  the  almost  con- 


stant wide  disagreement  between  buyer  and  seller  have  led 
many  smelters  to  refuse  to  handle  them. 
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At  the  Gilt  Edge,  Montana,  mill,  an  attempt  was  made  to 
chlorinate  the  slimes,  with  only  partial  success,  it  being  to  and 
necessary  to  roast  and  melt  the  residues  in  order  to  obtain  all 
the  gold. 

The  consumption  of   cyanide  varies  with  the  character  of 
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the  ore  and  depends  very  little  on  the  amount  of  gold  and  sil- 
ver extracted.  It  varies  from  2  pounds  per  ton,  reached  occa- 
sionally on  Cripple  Creek  ores  to  -^  pound  on  the  Gilt  Edge 
ore.  The  latter  ore  is  an  ideal  one  for  the  process,  showing 
no  indications  of  decomposed  pyrites  and  the  resulting  acid 
compounds.  Acid  ores,  although  a  preliminary  treatment  be 
given  to  neutralize  the  acid,  consume  more  cyanide  than 
others. 
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The  consumption  of  cyanide  in  the  zine-])oxes  varies  with 
the  strength  of  the  solution,  the  length  of  time  it  is  in  contact 
with  the  zinc,  and  the  amount  of  other  salts  in  solution.  Using 
a  1  per  cent,  cyanide  solution,  and  having  mixed  with  the  ore 
in  the  tanks  an  excess  of  impure  lime  containing  alumina  and 
magnesia,  I  have  had  as  high  as  3  pounds  of  cyanide  per  ton 
of  solution  consumed  in  the  zinc-boxes.  Ordinarily,  with  a 
solution  of  0.2  per  cent.  KCy  entering  the  boxes,  the  con- 
sumption is  practically  nothing.  The  strength  rarely  falls  below 
0.17  per  cent.  KCy  on  leaving,  and  often  shows  no  perceptible 
loss.  A  series  of  experiments  made  by  the  writer  last  winter 
indicated  that  the  Joss  of  cyanide  in  the  zinc-box  is  less  when 
lime  is  used  than  when  the  acid  in  the  ore  is  neutralized  with 
soda,  the  excess  of  lime  or  soda  and  resulting  salts  not  being 
washed  out  before  the  cyanide  solution  is  added.  The  con- 
sumption of  zinc,  however,  was  slightly  less  when  soda  was 
used.  This  latter  result  was  confirmed  by  Mr.  Macgregor  at  the 
Cono-ress  mill. 


Table  I. — Character  and  Composition  of  Ores  Treated  in  the 
United  States  by  the  Cyanide  Process. 


Mill. 

Ch.\racter  of  Ore. 

COMPOSITIOX. 

Si02. 

Fe. 

ALO3. 

CaCOs. 

S. 

Other 
Elements. 

Mercur,  Utah- 
Sunshine,  "   ... 
Bingham,  "   ... 

GiltEdge.Mont. 
Cooke,           " 
BlackHills,S.D. 

Cripple  Creek, 
Colo 

Porphyry  and  Lime- 

Per  ct. 

Similnr 

Per  ct. 
to  Sun 

Per  ct. 

Per  ct. 

Per  ct. 

As,  Hg. 
As,  Sb,  Te. 

As,  0.2  per 
cent.    Cu, 
m\ich  free 
acid. 

Trncps  of  Cn. 

"  Decomposed      por- i 

5  to  10 

12  to  15 

Little. 
CaO.6 

Little. 

"Sandy  quartz  with 
iron  oxidized  from 
sulphides        and 
bunches    of    lead 

Porphyry  and  Lime- 
stone. 
Decomposed      por- 

84 
80  to  95 

3.6 
Varies. 

2.6 

0.3 

"  Silica,  with  iron  in 
varying         condi- 

CaO 
lto3 

1    Mn,  As,  Sb. 

Small. 

le. 

Fig.  3  shows  the  arrangement  of  the  mill  at  Cooke,  Montana. 

The  cost  of  "  cyaniding  "  varies  largely  with  the  character  of 
the  ore.  There  are  a  number  of  mills  which  crush  and  "  cya- 
nide "  ore  for  less  than  |2  a  ton,  exclusive  of  royalty  paid  to  the 
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company  owning  the  patents.  The  lowest  cost  I  have  heard 
of  is  85  cents  a  ton,  at  the  Mercur.  No  company  has  yet  been 
able  to  reduce  the  cost  of  treating  taihngs  to  the  minimum 
reached  in  South  Africa,  59  cents  per  ton ;  but  one  plant  oper- 
ating under  exceptionally  favorable  conditions  is  working  at  a 
cost'^of  69  cents  a  ton.  In  general,  the  tailing-plants  working 
in  this  country  do  not  obtain  a  high  extraction. 

There  are  a  large  number  of  tailing-plants  in  the  United 
States,  especially  in  the  southwest,  where  the  hot,  dry  climate 
renders  expensive  buildings  and  drying-machinery  unneces- 
sary. Including  the  output  of  these  mills,  I  find  that  nearly 
200,000  tons  of  ore  and  tailings  were  treated  by  cyanide  in 
1895,  producing  over  $1,000,000  in  bullion  value. 


Laboratory-Tests  in  Connection  with  the  Extraction  of 
Gold  from  Ores  by  the  Cyanide  Process. 

BY  H.    VAN  F.    FURMAN,    DENVER,    COLO. 
(Colorado  Meeting,  September,  1896.) 

As  the  cyanide-method  for  the  extraction  of  gold  from  ores 
is  extensively  used  in  the  United  States  and  elsewhere,  and  ap- 
pears destined  to  prove  a  factor  of  increasing  importance  in  the 
metallurgy  of  gold,  a  description  of  the  latest  laboratory- 
methods  may  prove  of  interest. 

The  history  of  the  development  of  the  process  in  the  United 
States  has  been  analogous  to  that  of  all  new  processes.  Many 
failures  are  to  be  recorded  and  a  few  successes.  It  is  the 
opinion  of  the  writer  that,  had  the  following  simple  tests  been 
better  understood,  many  of  the  failures  would  not  have  oc- 
curred, and  we  should  probably  have  a  larger  number  of  suc- 
cessful plants  in  operation.  While  the  process  is  not  simple, 
but  requires  a  high  degree  of  chemical  and  engineering  skill, 
the  determination  of  the  adaptaV)ility  of  an  ore  to  the  method 
is  generally  not  difficult.  While  the  laboratory-results  will 
not  always  coincide  with  the  actual  results  obtained  in  the  mill, 
they  will  serve  as  a  guide  and  control  on  the  working  of  the 
mill,  and  will  generally  suffice  to  determine  if  the  ore  can  be 
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economically  treated  by  the  process.  Objection  may  reason- 
ably be  made  that  in  small  tests  conditions  ditFerent  from  those 
which  occur  on  a  larger  scale  are  introduced.  However,  tests 
made  on  from  25  to  100  pounds  of  ore  should  be  closely  dupli- 
cated in  the  mill.  Tests  on  a  smaller  scale  will  serve  to  show 
what  may  be  expected  in  the  mill. 

In  determining  the  adaptability  of  an  ore  to  this  method  of 
treatment,  and  the  percentage  of  extraction  which  may  be 
expected  in  the  mill,  the  following  must  receive  considera- 
tion : 

The  percentage  of  extraction  will  generally  be  somewhat 
higher  in  the  laboratory-  than  in  the  mill,  but  the  consumption 
of  cyanide  will  also  be  higher  in  the  laboratorj^ 

A  most  important  point  is  the  character  of  the  ore,  particu- 
larly the  manner  in  which  the  gold  is  contained  in  it;  whether 
it  is  in  the  free  state ;  coarse  or  fine ;  intimately  associated  with 
pyrites  or  other  sulphides ;  the  character  of  the  sulphides  with 
which  it  is  associated;  whether  it  is  combined  or  alloyed  with 
bismuth,  tellurium  or  other  elements.  An  examination  by  the 
eye,  with  or  without  the  aid  of  a  magnifying-glass,  will  fre- 
quently settle  these  points.  Should  the  sample  be  in  a  finely 
pulverized  condition,  careful  vanning  may  be  resorted  to  with 
advantage. 

The  size  to  which  it  is  advantageous  to  crush  the  ore  will 
depend  largely  upon  the  character  of  the  ore  and  its  gangue. 
Should  the  gold  be  unevenly  disseminated  throughout  the  ma- 
terial, and  the  gangue  be  hard  and  non-porous,  fine  crushing  is 
essential  to  a  good  extraction.  The  Cripple  Creek  ores  are  ex- 
amples of  such  material,  crushing  to  40-mesh,  or  finer,  being 
necessary  to  insure  a  good  extraction  of  the  gold.  Some  ores, 
however,  being  very  porous,  readily  permit  the  solutions  to  per- 
colate, and  consequently  can  be  successfully  leached  in  a  coarse 
condition.  The  Mercur  ores  are  examples  of  such  material, 
pieces  one-half  inch  or  more  in  diameter  being  successfully 
leached. 

Whether  the  ore  requires  roasting  prior  to  leaching  will  de- 
pend principally  upon  the  condition  of  the  gold  in  it.  If  present 
as  a  telluridc,  the  gold  may  be  extracted  from  the  raw  ore  by 
fine  grinding  and  leaching  with  potassium  cyanide ;  but  the  ac- 
tion of  the  solution  on  the  tellurides  is  slow,  and  it  may  be 
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more  economical  to  subject  the  ore  to  a  preliminary  roast. 
Roasting  presents  two  disadvantages:  it  materially  increases 
the  cost  of  treatment,  and  it  is  liable  to  result  in  the  formation 
of  salts  detrimental  to  the  subsequent  leaching;  for  example, 
soluble  sulphates,  which  decompose  potassium  cyanide.  Unless 
the  roasting  is  carefully  conducted,  gold  may  be  lost  by  vola- 
tilization. This  is  especially  the  case  with  tellurides.  On  the 
other  hand,  many  ores  are  rendered  more  porous  by  roasting, 
and  thus  the  rate  of  percolation  is  increased  and  coarser  parti- 
cles can  be  leached. 

The  best  strength  of  solution  and  the  time  of  maceration 
and  percolation  are  important  points.  The  time  required  and 
the  amount  of  cyanide  consumed  will  depend  largely  upon  the 
-strength  of  the  solution  employed.  For  example,  the  time  re- 
quired with  a  1  per  cent,  solution  will  generally  be  much  less 
than  with  an  0.25  per  cent,  solution.  On  the  other  hand,  for 
many  ores  the  consumption  of  cyanide  with  a  1  per  cent,  solu- 
tion is  so  great  that  the  process  becomes  commercially  imprac- 
ticable, while  with  dilute  solutions  the  ore  may  possibly  be 
treated  with  success.  In  this  connection,  mention  may  be 
made  of  the  use  of  additional  reagents,  such  as  sodium  per- 
oxide, bromine,  etc.,  which  are  said  to  facilitate  the  extraction 
in  many  cases.  This  is  a  mooted  point,  and  the  use  of  these 
reagents  is  objected  to  by  some,  as  they  have  a  tendency  to  in- 
crease largely  the  consumption  of  zinc,  when  zinc  is  the  pre- 
cipitant employed,  and  to  foul  the  solution.  According  to  the 
equation  of  Eisner, 

4Au  +  8KCX  +  O2  +  2H2O  =  4KAu(CN),  -f-  4K0H, 

oxygen,  or  an  oxidizer,  is  essential  to  the  solution  of  the  gold. 
It  would  appear  to  the  writer  that  the  necessary  oxygen  can  be 
obtained  from  the  air  at  less  cost,  and  quite  as  conveniently,  as 
by  the  introduction  of  expensive  reagents. 

The  amount  of  potassium  cyanide  required  per  ton  of  ore, 
including  the  amount  which  is  destroyed  during  treatment,  is 
a  vital  point.  The  character  of  the  ore  and  its  associated  min- 
erals will  determine  the  consumption  of  cyanide. 

The  rate  of  percolation  of  the  solution  through  the  ore  is  a 
question  of  some  importance.     It  would  appear  as  if  too  much 
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had  been  made  of  this  point,  as  it  is  essential  that  the  sokition 
shoukl  remain  in  contact  with  the  ore  for  a  considerable  time 
in  order  to  insure  a  good  extraction.  On  most  ores,  the  perco- 
lation will  generally  be  quite  as  rapid  as  the  necessary  time  of 
contact  will  permit. 

A  small  quantity  of  the  ore  should  be  ground  to  30-mesh, 
which  is  a  suitable  degree  of  fineness  for  the  preliminary  ex- 
periments. A  sample  is  carefully  cut  out  of  this  prepared  pulp, 
ground  to  pass  100-mesh,  and  assayed  for  gold  and  silver  in  the 
usual  manner. 

A  quantity  of  stock-solution,  containing  0.5  or  0.6  per  cent, 
of  potassium  cyanide,  should  be  prepared.  As  this  solution  is 
liable  to  decomposition,  it  should  be  kept  in  a  stoppered  bottle, 
protected  from  thfe  air  and  sunlight,  and  should  be  tested  from 
time  to  time  according  to  Test  6  (page  730). 

It  is  necessary  that  the  water  used  in  making  up  the  stock- 
solution  should  be  quite  pure.  It  should  always  be  tested  for 
impurities,  for  should  it  contain  iron  salts,  magnesium  sulphate, 
salts  with  an  acid  reaction,  soluble  sulphides,  free  carbonic  acid, 
or  sulphuric  acid,  they  will  decompose  the  potassium  cyanide. 

1.     Determination  of  Acidity. 

Should  an  ore  be  acid,  the  result  will  be  decomposition  of 
potassium  cyanide  unless  this  acidity  is  destroyed  before  the 
cyanide  solution  is  added. 

Soluble  Acidity. — Agitate  10  grammes  of  the  pulp  for  10  min- 
utes with  50  c.c.  of  water;  filter,  and  test  the  filtrate  with 
litmus-paper  for  acidity.  Should  acidity  be  shown,  wash  the 
ore  until  the  washings  no  longer  give  an  acid  reaction  when 
tested  with  litmus-paper.  Kow  titrate  the  total  filtrate  with 
deci-normal  caustic  sodarsolution,  until  the  neutral  point  is  ob- 
tained, using  litnms  as  an  indicator. 

Latent  Acidity. — Transfer  the  washed  ore  to  a  small  porcelain 
evaporating-dish ;  cover  with  water ;  add  a  measured  excess  of 
deci-normal  caustic  soda-solution ;  stir  and  titrate  the  excess  of 
soda  with  deci-normal  acid-solution.  This  gives  the  latent 
acidity. 

Total  Acidity. — The  sum  of  the  above  tests  gives  the  total 
acidity,  but  as  this  is  frequently  all  that  is  required,  it  may  be 
determined  as  follows :  Introduce  10  grammes  of  the  pulp  into 
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a  stoppered  bottle  with  some  water ;  add  a  measured  excess  of 
the  caustic  soda-sokition,  agitate  for  20  minutes  and  then  titrate 
back  with  deci-normal  acid-solution. 

The  soluble  acidity  is  due  to  salts  with  an  acid  reaction,  such 
as  ferrous  sulphate,  zinc  sulphate,  copper  sulphate,  etc.,  or  to 
free  sulphuric  acid  from  the  decomposition  of  pyrites,  tellurous 
acid,  etc.  It  may  be  overcome  by  giving  the  ore  a  preliminary 
wash  with  water.  This  washing  is  followed  by  treatment  with 
a  weak  solution  of  caustic  soda  or  caustic  lime,  which  neutral- 
izes the  latent  acidity  due  to  basic  salts.  The  amount  of  alkali 
necessary  is  determined  from  the  quantity  of  deci-normal  soda- 
solution  used  in  the  above  experiments.  Unless  the  ore  con- 
tains a  large  amount  of  free  acid,  the  preliminary  washing  with 
water  may  be  omitted  ;  the  total  acidity  being  determined  and 
reported  in  terms  of  lime.  Sufficient  lime  is  then  added  to  the 
ore,  before  crushing,  so  that  it  becomes  thoroughly  incorporated 
before  the  ore  reaches  the  tanks,  and  when  the  tank  is  charged, 
the  cyanide  solution  is  at  once  admitted. 

2.     Test  for  the  Consumption  of  Cyanide. 

The  original  strength  of  the  stock-solution  being  known,  it 
is  only  necessary  to  determine  its  strength  after  it  has  been 
used  on  a  lot  of  ore,  to  arrive  at  the  consumption. 

Introduce  20  grammes  of  ore  (treated  with  a  sufficient  quan- 
tity of  soda  or  lime,  if  necessary)  into  a  glass-stoppered  bottle ; 
add  40  c.c.  of  the  cyanide  solution,  and  agitate  for  20  minutes; 
filter;  measure  oft"  20  c.c.  of  the  filtrate  and  determine  the 
amount  of  undecomposed  potassium  cyanide  remaining  in  the 
solution,  according  to  Test  6.  The  dift'erence  between  the 
amount  of  potassium  cyanide  in  20  c.c.  of  the  stock-solution  and 
the  quantity  found  above  gives  the  amount  consumed  by  10 
grammes  of  ore. 

If  the  consumption  of  cyanide  is  not  excessive  (which  will 
depend  altogether  on  the  value  of  the  ore,  as  rich  ores  can  stand 
a  much  higher  consumption  than  those  of  lower  grade),  or,  say, 
not  over  4  pounds  of  potassium  cyanide  per  ton  of  ore,  the  fol- 
lowing extraction-tests  can  be  proceeded  with. 

3.     Tests  for  the  Percentage  of  Extraction. 
Generally  two  series  of  tests  are  made :  By  agitation  and  by 
percolation. 

VOL.  XXVI.— 47 
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Agitation. — Take  four  4-ounce  wide-mouthed  glass-stoppered 
bottles,  place  1  assay-ton  of  pulp  in  each,  then  add  to  each  60 
c.c.  of  solution  of  the  following  strength  respectively: 
To  Xo.  1,  0.1  per  cent.  KCI^. 

a  2,  0.3  "  " 

"       3,  0.5        "  " 

"       4,  0.75      "  " 

Before  adding  the  cyanide  solution,  the  proper  quantity  of  neu- 
tralizer,  as  determined  in  Test  1,  is  added.  Allow  the  bottles 
to  stand  for  48  hours,  with  occasional  shaking.  Filter  off  solu- 
tions; wash  with  water  up  to  original  bulk;  test  an  aliquot 
portion  of  the  solution  for  loss  of  cyanide ;  dry  the  tailings ; 
crush  them  to  100-mesh,  and  assay.  From  the  assay  of  the 
original  pulp  and  the  assay  of  the  tailings,  the  percentage  of 
extraction  can  be  calculated. 

Another  method  preferred  by  some  is  to  assay  the  tailings 
and  also  assay  the  solution  (see  Test  11);  then 

Percentage  of  Extraction  = 

A  ^  r,  1     •  Weight  of  Solution 

Assay  of  Solution  X  ^y^-^^^  ^^  p^^^        X  100 

Weight  of  Solution  . 

Assay  of  Solution  X  ^^T  •   i^^ — TV~\ "^  Assay  of  Tailings. 

For  quick  results,  the  bottles  are  placed  in  an  agitator  which 
is  revolved  for  twenty-four  hours. 

Several  agitation-tests  can  be  carried  out  in  this  manner,  vary- 
ing the  quantity  of  cyanide  solution  used  and  the  mesh  of  ore 
(10-,  20-,  30-  and  40-me8h). 

Percolation. — For  these  tests  a  glass  percolating-jar  provided 
with  a  false  bottom  covered  with  a  double  filter  paper  will  be 
found  convenient.  Such  an  apparatus  is  shown  in  Fig.  1. 
Place  1  pound,  or  more,  of  the  pulp  (with  the  proper  quantity 
of  the  neutralizer  thoroughly  mixed  with  it)  on  the  filter,  and 
add  to  the  charge  230  c.c.  of  the  stock-solution  for  each  pound 
of  ore  taken.  Allow  the  solution  to  macerate  for  twelve  hours, 
and  then  percolate  gently  for  thirty  to  forty  hours.  Wash  with 
water  until  the  filtrate  reaches  the  original  bulk.  The  rate  of 
percolation  may  be  noted  here. 

Test  the  solution  for  loss  of  cyanide ;  assay  an  aliquot  por- 
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tion  of  the  solution  and  the  tailings,  and  thus  determine  the 
percentage  of  extraction. 

A  series  of  tests  may  be  carried  out  in  this  manner,  varying 
the  strength  of  the  cyanide  solution,  the  fineness  of  the  ore,  and 
the  time  of  contact  from  twelve  to  seventy-two  hours. 


Fig.  1. 

Solution  — 

=1"^=^^^^= 

Ore  - 

i 

Apparatus  for  Test  by  Percolation. 


The  results  of  these  experiments  will  prove  the  applicability 
of  the  process  to  the  ore  in  question,  and  the  best  method  of 
treatment,  i.e.,  the  strength  of  solution  and  the  mesh  which  will 
give  the  best  extraction  in  the  shortest  time,  with  the  least  con- 
sumption of  cyanide. 

"Where  it  is  desired  to  treat  larger  quantities  of  ore,  a  very 
convenient  apparatus  is  a  large  glazed  earthenware  jar,  pro- 
vided with  a  false  bottom  and  an  outlet  at  one  of  the  lower 
sides. 

The  following  formula  will  be  found  convenient  for  calcula- 
ting the  percentage  of  extraction : 

Let  A  =  The  assay-value  of  the  ore  in  ounces  Troy  per  ton 
of  2000  pounds  Av. 
B  =  Milligrammes  of  gold  found  in  the  filtrate. 
C  =  Pounds  Av,  of  ore  taken  for  treatment. 
X  =  The  percentage  of  extraction. 


X=:  6.43016 


AC' 
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4.  Determination  of  the  Cause  of  Cyanide-Consumption. 

Should  the  consumption  of  cyanide  be  high,  the  cause  of 
consumption  may  be  determined  by  an  analysis  of  the  cyanide 
solution.  For  every  part  of  cyanide  rendered  inoperative,  a 
corresponding  proportion  of  metal  enters  solution.  Thus  one 
part  by  weight  of  iron  consumes  seven  parts  by  weight  of  po- 
tassium cyanide,  etc.  The  following  equations  represent  the 
reactions  most  frequently  encountered : 

Fe  SO,  +  6KCN-  =  K, Fe  (C^),  +  K,  SO,; 
or 

56  (at.  weight  of  Fe) :    390  (mol.  wt.  6KCX)  : :  1  :  7. 
Zn  SO,  +  4KCN-  =  K^Zn  {C^\  +  K^  SO, ; 
or 

65  (at.  wt.  Zn)  :  260  (mol.  wt.  4KCX)  :  :  1  :  4. 
2  Cu'^  SO,  +  6KCX  =  K^  Cu'  (CX),  +  2K,  SO,  +  2CI^. 

Salts  of  aluminium  and  magnesium  act  in  a  different  manner 
with  potassium  cyanide,  their  hydrates  being  formed  with  the 
liberation  of  hydrocyanic  acid,  thus ; 

Al^  (S0,)3  -f  6KCX  +  6H,0  =  Al2(0H),  +  SK,  SO,  +  6HCX. 
Mg  SO,  -f  2KCX  4-  2HP  =  Mg  (OH),  +  K^SO,  +  2HCK 

A  preliminary  alkaline  treatment  overcomes  this  objection- 
able feature,  their  hydrates  being  precipitated,  which  are  then 
inert  towards  potassium  cyanide,  thus  : 

Mg  S0,+  Ca  (0H)2=  Mg  (OH),  +  CaSO, 

insoluble  magnesium  hydrate  and  insoluble  calcium  sulphate 
being  formed. 

Soluble  sulphides,  formed  by  the  action  of  potassium  cyanide 
on  some  metallic  sulphides,  again  react  to  some  extent  on  the 
cyanide,  with  the  formation  of  sulpho-cyanide    of  potassium, 

thus : 

ZnS  +  4KCX  =  K^Zn  (CN),>  K^S  ; 

K^S  +  KCX  -f  H,0  +  O  =  2K0H  +  KCXS. 

To  determine  the  cause  of  the  consumption  of  cyanide  place 
100  grammes  of  the  pulp  in  a  wide-mouthed  bottle,  add  200 
c.c.  of  the  cyanide  solution  and  agitate  for  fifteen  hours.  Filter, 
take  20  c.c.  of  the  filtrate  (equivalent  to  10  grammes  of  ore)  and 
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evaporate  almost  to  dryness  in  a  porcelain  dish.  Add  some 
strong  sulphuric  acid,  evaporate  almost  to  dryness,  and  cool. 
Dilute  with  water,  add  some  hydrochloric  acid,  and  heat  to 
effect  solution  if  necessary.  The  metal  in  solution  may  now  be 
determined  by  the  usual  methods. 

The  strong  sulphuric  acid  at  a  high  temperature  decomposes 
the  metallic  cyanides,  thus : 

2AgC^  +  SH^SO,  +  4H2O  =  Ag^SO,  +  2NH,HS0,  +  200^ 

+  4H. 

Strong  nitric  acid  may  be  used  in  place  of  strong  sulphuric ; 
but  hydrochloric  cannot  be  used,  as  it  leaves  the  metal  in  the 
form  of  a  double  C3'anide  salt,  which  is  soluble. 

The  reactions  with  nitric  and  hydrochloric  acids  are : 

AgCN  +  HNOg  +  2H2O  =  AgXOj  +  CO2  +  NH3  +  211. 
K,Fe(CN)3  +  4HC1  =  H,Fe(CN'),  +  4KC1. 

5.  Determination  of  the  Cause  of  Non-Extraction. 

Should  the  above  tests  show  a  low  percentage  of  extraction, 
the  next  step  is  to  determine  the  cause  of  this  non-extraction. 
It  may  be  due  to  numerous  causes,  such  as  total  destruction  of 
potassium  cyanide  by  certain  salts  of  the  base  metals  present 
in  a  form  readily  attacked  by  the  potassium  cyanide.  The 
gold  may  be  in  a  very  coarse  state,  in  which  case  the  solvent 
action  of  the  potassium  cyanide  will  be  too  slow  for  the  prac- 
tical application  of  the  process.  The  gold  may  be  combined 
or  alloyed  w^ith  tellurium,  antimony,  bismuth,  etc.,  in  wdiich 
case  the  cyanide  is  inoperative  until  the  combination  is  broken 
up.  The  presence  of  soluble  sulphides  in  solution.  The  char- 
acter of  the  gangue,  such  as  kaolin  or  talc,  which  may  be 
present  in  such  quantities  as  to  effectually  prevent  percolation. 
To  overcome  these  dithculties  the  following  methods  may  be 
tried : 

In  the  case  of  an  ore  w^hich  consumes  a  large  quantity  of 
cyanide,  if  a  preliminary  wash  with  water,  weak  acid  or  alkali 
is  ineffective,  the  ore  may  be  classed  as  one  not  adapted  to  the 
process. 

The  coarse  gold  difficulty  may  be  overcome  by  amalgama- 
tion, either  before  or  after  treatment  with  cyanide,  which  gen- 
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erally  results  in  an  excellent  extraction.  The  South  African 
practice  may  be  cited  as  an  example. 

The  difficulty  due  to  the  presence  of  bismuth,  antimony, 
etc.,  in  combination  or  as  an  alloy  ^^ath  the  gold,  may  some- 
times be  overcome  by  fine  grinding  and  long  contact  with  the 
cyanide  solution  ;  but  the  usual  method  is  to  treat  the  ore  to  a 
preliminary  roast,  which  converts  the  gold  into  a  condition  in 
which  it  is  readily  attacked  by  cyanide. 

The  difficulty  due  to  the  presence  of  soluble  sulphides  can 
be  overcome  by  the  addition  of  a  soluble  lead  salt  or  the  addi- 
tion of  an  oxidizing  agent. 

Should  the  ore  contain  much  kaolin  or  talc,  if  coarse  crush- 
ing is  ineffectual,  nothing  further  can  be  done,  and  the  ore 
must  be  classed  as  one  not  adapted  to  the  process. 

Ores  containing  considerable  quantities  of  oxidized  copper 
minerals  are  to  be  classed  as  not  adapted  to  the  process. 

6.  Determination  of  the  Free  Potassium  Cyanide  in 
Solution. 

A  number  of  methods  have  been  proposed,  and  there  are 
several  which  give  good  results  when  the  solution  is  free  from 
cyanides  other  than  potassium  cyanide.  With  complex  mill 
solutions,  containing  Iv2Zn(CjSr)^,  these  methods  fail. 

With  pure  solutions,  such  as  the  freshly-prepared  stock-solu- 
tion, a  rapid  and  accurate  determination  may  be  made  by  titrat- 
ing a  measured  quantity  of  the  solution  to  be  tested  with  a 
standard  solution  of  silver  nitrate,  using  2  or  3  drops  of  a  5 
per  cent,  solution  of  potassium  iodide  as  an  indicator.  Silver 
cyanide  is  formed,  and  immediately  redissolves  in  the  excess 
of  potassium  cyanide.     The  reaction  is  as  follows : 

AgNO,  +  KCI^  =  AgCN  +  KN-Qg; 
AgCN  +  KCN  =  KAg(CN')2 ; 

or  the  reaction  may  be  expressed  as  follows : 

2KCN  +  AgNO,  =  EAg(CN)2  +  XNOy 

As  soon  as  all  the  potassium  cyanide  has  been  converted  into 
the  double  cyanide  of  potassium  and  silver  an  additional  drop 
of  the  silver  nitrate  solution    produces  a  pale  yellow  opales- 
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cencG,  owing  to  the  formation  of  silver  iodide.  The  quantity 
of  silver  solution  added  is  read  off  from  the  burette  and  the 
percentage  of  potassium  cyanide  is  calculated. 

In  the  United  States  a  solution  containing  6.535  grammes 
of  silver  nitrate  to  the  liter  is  used.  The  quantity  of  cyanide 
solution  usually  taken  is  10  c.c.  When  10  c.c.  of  cyanide  so- 
lution are  taken,  each  c.c.  of  the  silver  solution  used  indicates 
1  pound  of  potassium  cyanide  to  the  ton  (2000  pounds)  of  so- 
lution. Abroad,  deci-normal  silver  nitrate  solution  is  generally 
employed,  the  loss  in  cyanide  being  obtained  in  percentage  on 
the  ore.  This  percentage  multiplied  by  20  gives  the  pounds 
of  potassium  cyanide  consumed  per  ton. 

Another  method  which  answers  all  purposes,  provided  the 
cyanide  solutions  are  quite  pure,  but  which  is  useless  for  com- 
plex mill-solutions,  depends  upon  the  following  reaction : 

KCN  +  21  =  KI  +  ic:n'. 

This  method  requires  a  solution  of  pure  iodine  in  potassium 
iodide.  A  solution  of  pure  wheat  starch  is  used  as  an  indi- 
cator. Ten  or  more  c.c.  of  the  cyanide  solution  are  measured 
oft'  and  run  into  a  beaker.  A  few  drops  of  the  starch  solution 
are  added,  and  then  the  iodine  solution  is  run  in  from  a  burette, 
with  stirring,  until  an  excess  of  one  drop  of  the  iodine  solution 
is  present,  which  is  indicated  by  the  formation  of  permanent 
blue  iodide  of  starch.  The  iodine  solution  may  be  standard- 
ized by  some  freshly  prepared  stock-solution,  or  preferably  by 
means  of  a  standard  solution  of  sodium  hyposulphite.  This 
method  may  be  used  to  determine  the  percentage  of  KCN  in 
commercial  potassium  cyanide. 

A  number  of  other  methods  for  the  determination  of  the 
available  cyanide  have  been  proposed,  but  that  first  described 
is  believed  to  be  the  best. 

In  a  well-regulated  mill  the  strength  of  the  solutions  is  tested 
on  each  tank  every  four  hours  whilst  the  solutions  are  per- 
colating. 

The  method  usually  adopted  for  the  determination  of  the  free 
potassium  cyanide  in  mill-solutions  is  as  follows  :  10  c.c.  of  solu- 
tion are  diluted  with  distilled  water  to  65  or  70  c.c.  and  titrated 
with  the  standard  silver  nitrate  solution,  without  the  use  of  an 
indicator.     When  all  the  free  potassium  cyanide  is  changed  to 
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KAg(CN')2  an  additional  drop  of  the  silver  solution  produces  a 
distinct  white  opalescence,  owing  to  the  formation  of  insoluble 
zinc  cyanide,  thus : 

K,Zn  (CN),  +  AgN03  =  KAg  (CN),  +  Zn  (CN),  +  1^0,. 

It  is  probable  that  this  second  reaction  commences  before  all 
the  potassium  cyanide  is  combined  with  silver;  for  on  partly 
titrating  a  solution  containing  both  salts,  and  allowing  it  to 
stand,  a  white  precipitate  slowly  forms.  Hence  the  titration 
must  be  performed  rapidly,  in  which  case  the  separation  of  the 
white  precipitate  can  be  taken  as  marking  the  end-point.  The 
titration  requires  some  practice  to  be  performed  properly. 

7.  Determination  of  the  Free  Hydrocyanic  Acid  in 

Solution. 
To  10  c.c.  of  the  mill-solution  add  10  c.c.  of  a  solution  of 
potassium  bicarbonate  (containing  15  grammes  of  KHCO3  to 
the  liter),  dilute  to  65  or  70  c.c.  and  titrate  as  in  Test  6,  without 
the  use  of  potassium  iodide  as  an  indicator.  Upon  the  addir 
tion  of  the  bicarbonate  the  following  reaction  takes  place : 

HCN  +  KHCO3  =  KC^  +  CO2  +  Hp. 

The  titration  gives  the  HCN  in  terms  of  KCN",  and  KCN  X 
0.415  =  HON".  As  this  titration  gives  the  potassium  cyanide 
and  the  hydrocyanic  acid,  the  diiference  between  this  result 
and  that  obtained  in  Test  6,  multiplied  by  0.415,  gives  the 
hydrocyanic  acid. 

For  each  c.c.  of  mill-solution  taken  1  c.c.  of  the  potassium  bi'^ 
carbonate  solution  is  used.  This  will  be  sufficient  for  solutions 
containing  as  much  as  0.4  per  cent,  of  HON,  which  is  much 
higher  than  mill-solutions  usually  run,  but  the  excess  does  no 
harm. 

The  addition  of  the  bicarbonate  solution  usually  causes  a 
distinct  turbidity,  which  should  disappear  when  the  solution  is 
diluted,  giving  a  clear  liquid  for  titration.  If,  as  rarely  hap- 
pens, a  faint  turbidity  remains,  a  duplicate  of  the  solution  to 
be  titrated  is  prepared,  the  end-point  being  shown  by  the  in- 
creased cloudiness  in  the  titrated  solution  as  compared  with  the 
blank  solution. 
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8.  Determination  of  the  Total  Simple  Cyanides  in 
Solution. 
To  10  c.c.  of  the  raill-solutioii  add  10  c.c.  of  half-normal 
sodium  hydrate  solution  (20  grammes  of  NaOH  per  liter), 
dilute  to  65  or  70  c.c. ;  add  a  few  drops  of  the  potassium  iodide 
solution,  and  titrate  to  pale  yellow  opalescence,  as  in  Test  6. 
The  result  is  the  total  KCN,  HCN  and  K^Zn  (CN)„  in  terms  of 
KCX.  The  amount  of  sodium  hydrate  to  be  added  depends 
principally  on  the  percentage  of  K^Zn  (CN)^  present,  as  a  large 
excess  should  be  avoided.  The  amount  given  will  be  sufficie-nt 
for  solutions  containing  0.7  per  cent,  zinc  and  0.4  per  cent, 
hydrocyanic  acid,  and  will  answer  in  all  ordinary  cases  likely 
to  be  encountered  in  mill-practice.  The  addition  of  the  sodium 
hydrate  produces  a  permanent  precipitate,  but  the  use  of  potas- 
sium iodide  as  an  indicator  prevents  any  doubt  as  to  the  end- 
reaction. 

9.  Determination  of  the  Ferro-,  the  Ferri-  and  the  Sulpho- 
Cyanides  in  Solution. 
The  ferrocyanides  and  the  sulphocyanides,  if  desired,  may  be 
determined  by  titration  with  a  standard  solution  of  potassium 
permanganate  in  an  acid  solution,  the  reactions  being  as 
follows : 

lOK.FeCyg  +  K^Mn^Og  +  SH^SO,  =  lOKgFeCyg  +  OK^SO,  + 
2MnS0,  +  SH^O. 

lOKCyS  -[-  OK^Mn^Og  +  ISH^SO,  =  IIK^SO,  +  12MnS0,  + 
lOHCy  +  sup. 

One  portion,  acidified  with  sulphuric  acid,  is  titrated,  the  re- 
sult representing  both  of  the  above  compound  cyanides.  To  a 
second  portion,  acidified  with  sulphuric  acid,  a  solution  of  ferric 
chloride  is  added.  The  resulting  prussian  blue  is  filtered  off 
and  the  filtrate  is  titrated  with  the  standard  permanganate 
solution.  This  second  titration  gives  the  potassium  sulpho- 
cyanide. 

The  permanganate  solution  should  be  quite  dilute,  contain- 
ing not  more  than  from  0.3  to  0.5  gramme  of  potassium  per- 
manganate to  the  liter.  It  may  be  standardized  by  any  of  the 
approved  methods,  and  its  value  may  be  calculated  for  the 
compound  cyanides  according  to  the  above  equations. 
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Ferricyanide,  if  present,  may  be  determined  by  reducing  it 
to  ferrocyanide,  and  then  by  titration  with  standard  potassium 
permanganate  as  above. 

Should  sulphides  be  present,  the  shaking  up  of  the  solution 
with  moist  lead  carbonate  will  produce  a  black  precipitate  of 
lead  sulphide.  "When  present,  they  must  be  thus  removed,  by 
agitation  with  lead  carbonate  and  filtering  off  the  resulting  lead 
sulphide,  before  the  compound  cyanides  can  be  determined. 

10.     Determination  of  the  Zinc  and  Lime  in  Solution. 

As  these  are  sometimes  of  considerable  importance,  they  have 
to  be  occasionally  determined  in  the  mill-solutions.  The  solu- 
tion is  treated  in  the  manner  described  in  Test  4,  and  the  lime 
and  zinc  can  then  be  determined  by  conventional  methods. 

11.     Determination  of  the  Gold   and   Silver  in   Solution. 

Numerous  methods  have  been  proposed,  but  the  following 
which  is  the  simplest,  is  the  method  generally  adopted : 

Evaporate  one  assay-ton  (==  29.2  c.c.)  of  the  solution  to  dry- 
ness in  a  lead  tray.  Roll  up  the  lead  and  cupel  on  a  hot  cupel, 
weighing  the  resulting  button.  Alloy  the  bead  with  silver,  if 
necessary,  and  part  for  gold  as  usual. 

Should  the  solution  contain  over  0.2  ounce  of  gold  per  ton, 
the  lead  should  be  scorified  together  with  a  little  borax  glass 
prior  to  cupellation. 

The  lead  tray  is  made  of  pure  lead  foil,  and  is  3  inches  long, 
2  inches  wide  and  |  inch  deep.  It  should  weigh  about  20 
grammes.  For  the  evaporation,  the  tray  containing  the  solu- 
tion is  placed  on  a  piece  of  asbestos  card-board,  heated  by  a 
burner  underneath. 

In  conclusion,  the  author  wishes  to  express  his  indebtedness 
to  Mr.  Philip  Argall,  manager,  and  Mr.  L.  G.  Eakins,  chemist, 
of  the  Metallic  Extraction  Company,  and  to  Mr.  "William  Orr, 
chemist  of  the  Gold  and  Silver  Extraction  Company  of  America, 
for  valuable  notes  which  have  been  largely  used  in  the  prepara- 
tion of  this  paper.  Acknowledgment  is  also  due  to  the  cour- 
tesy of  Messrs.  John  Wiley  and  Sons,  who  have  kindly  per- 
mitted the  use  of  considerable  material  contained  in  the  fourth 
edition  of  the  author's  "  Manual  of  Practical  Assaying." 
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The  fact  that  many  millions  of  gold  have  been  extracted  by 
the  cyanide  process,  during  the  last  five  or  six  years,  from  South 
African  tailings  which  could  not  be  profitably  worked  by  any 
other  method  previously  tried  upon  them,  lends  a  peculiar  prac- 
tical interest  to  this  branch  of  metallurgy. 

Numerous  writers  have  recently  made  valuable  contributions 
on  the  process  without  exhausting  the  many  complexities  of  the 
subject.  Among  the  first  American  writers  on  the  subject  in 
its  modern  aspect  were  two  former  students  of  the  University 
of  California,  Mr.  Louis  Janin,  Jr.,  and  Mr.  Charles  Butters. 
Young  Janin  was  one  of  the  first  to  enter  this  field,  and  per- 
formed much  useful  experimental  work  in  the  early  stages  of 
the  history  of  the  process. 

At  about  the  same  time,  Mr.  Charles  Butters,  who  had  left 
California  to  erect  chlorination  works  for  the  Robinson  mine  at 
Johannesburg,  became  interested  in  the  cyanide  process,  and, 
after  getting  the  chlorination  plant  in  working  order,  put  up, 
for  working  the  tailings  from  the  Robinson  mine,  a  cyanide 
plant  which  achieved  the  first  large-scale  success  ever  made 
with  this  process. 

The  papers  which  Charles  Butters,  together  with  John  E. 
Clennell  and  Edgar  Smart,  have  contributed  on  the  chemistry 
of  the  process,  were  among  the  first  to  give  any  adequate  idea 
of  its  nature.* 

Another  important  contribution  to  the  literature  of  the  sub- 
ject is  the  paper  of  Dr.  A.  Scheidell,  published  in  1894  as  a 
"  Bulletin  of  the  California  State  Mining  Bureau."  This  con- 
tains an  admirable  summary  of  the  state  of  the  art  at  the  time 
of  its  publication. 

*  Eng.  and  Min.  Journal,  Oct.  8,  22,  29,  1892 ;  Nov.  2,  1895. 
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Many  notable  contributions  have  been  made  by  others,  some 
of  which  will  be  referred  to  in  what  follows,  as  called  for  by 
the  context. 

The  rapid  extension  of  this  process  in  South  Africa  is  evi- 
denced by  the  value  of  the  cyanide-product  for  the  Witwaters- 
rand  district.  In  1890  it  was  less  than  $6000;  in  1891  it  had 
grown  to  over  $60,000;  in  1892  to  over  $3,000,000;  in  1893 
to  over  $6,000,000 ;  and  it  is  still  increasing. 

Although,  several  years  before  1891,  I  had  obtained  some 
very  promising  extractions  from  gold-ores  by  the  use  of  cyanide 
of  potassium  solutions,  I  was  prevented  until  that  year,  by  the 
constant  pressure  of  other  duties,  from  any  systematic  study  of 
the  subject.  In  the  experimental  work  then  commenced  I  was 
aided  by  several  of  my  students,  more  especially  by  Mr.  Thomas 
E.  Eichbaum,  who  at  the  time  of  his  death,  a  couple  of  years 
later,  was  chemist  for  Mr.  Almarin  Paul  at  his  cyanide-works 
in  Shasta  county,  Cal. ;  Mr.  C.  W.  Merrill,  who  has  since 
erected  cyanide-plants  at  Bodie,  Cal.,  and  at  Harquahala  in 
Arizona ;  Mr.  Leslie  Simpson,  now  in  South  Africa ;  Mr.  H.  C. 
Baldwin,  now  in  Mexico ;  and  Mr.  F.  Booth,  now  in  Alaska. 

The  results  of  these  studies,  made  on  a  large  variety  of  ores, 
was  to  show  in  all  cases  a  partial  extraction  of  gold.  This  ex- 
traction varied  from  20  per  cent,  to  95  per  cent.  While  it  was 
always  easy  to  make  a  partial  extraction  of  the  gold,  it  proved 
difficult,  and  in  many  cases  impossible,  to  get  anything  like  a 
complete  extraction.  Another  difficulty  encountered  in  these 
experiments  was  that  very  dissimilar  results  were  often  obtained 
with  ores  of  almost  exactly  the  same  composition. 

A  careful  study  of  all  this  preliminary  work  soon  convinced 
me  that  two  equally  important  classes  of  causes  were  active  in 
bringing  about  these  variations  in  the  result:  the  one  of  a 
chemical,  the  other  of  a  mechanical,  nature.  It  was  equally 
clear  that  it  was  expedient  to  make  a  separate  study  of  these 
two  sets  of  causes ;  and  as  it  was  of  course  impossible  to  sepa- 
rate them  in  the  treatment  of  samples  of  ores,  a  systematic  in- 
vestigation was  laid  out,  involving  the  use  of  simple  artificial 
products  of  known  composition,  so  as  to  determine  the  various 
complicated  elements  of  the  problem. 

In  the  long,  involved  and  difficult  investigation  which  fol- 
lowed, and  which  has  occupied  all  my  leisure  time  since  1892, 
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I  have  been  greatly  akled  by  my  assistant,  Mr.  E.  A_  1", 
for  whose  intelligent  skill  and  faithful  devotion  to  the  work  I 
wish  to  express  my  warm  appreciation. 

The  groat  complexity  of  the  chemistry  of  the  cyanides,  the 
lack  of  accurate  information  in  the  chemical  text-books  and 
the  consequent  erroneous  statements  in  ""f^"/ *'' lo- 
tions on  the  cyanide  process,  have  greatly  added  to  the  difflcul- 
iTof  the  stndy.     It  became  necessary  to  test  <fe  no.o  a  most 
every  step  of  the  ground,  so  that  an  invest.gatioii  which  I  had 
hoped  to  finish  in  a  couple  of  years  has  already  taken  twice 
Ih^t  time,  and  is  now  only  fairly  begun,     ^-erth^'-^--- 
the  results  already  obtained  are  so  important  that  I  have  ce 
eided  to  condense  in  this  paper  an  outline  of  many  closely- 
written  pages  of  experimental  notes  on  this  subject      I  hope  to 
find  time  hereafter  for  a  complete  outline  of  the  details. 

In  this  discussion  I  propose  to  confine  myselfto  two  main 
points-.  How  does  gold  dissolve  in  cyanide  solutions?  and 
How  is  it  precipitated  from  them  ? 

I._The  Solution  of  Gold  in  Cyanide  Solutions. 
1.   The  Solution  of  MdalUc  Gold  in  Poiassium  Cyanide. 
The  solubility  of  gold  in  cyanide  of  potassium  solutions  has 
heen  known  for  over  50  years.     Soon  atter  its  d-^-O"  by 
Elkington,  Faraday  and  Bagration  it  was  investigated  by  Eis- 
ner '  who  stated  that  he  had  found  that  while  zinc  .-oM  dis- 
soh-e  in  a  potassium  cyanide  solution  with  the  eyolu^n  o^ 
hydrogen,  gold  and  silver  dissolved  ,«  such  a  solution  only  m 
the  presence  of  oxygen.     Although  not  enunciated  by  him  in 
this  forZthe  following  reaction  expressing  these  facts  is  usu- 
ally  known  as  the  Eisner  reaction : 

4KCy  +  2Au  +  0  +  H,0  =  2AuKCy,  +  2KH0. 

The  necessity  for  the  presence  of  oxygen  when  gold  dissolves 
inlyanke  solution  has  been  denied  by  Mr  J.  S.  MacArthur 
who  claims  the  honor  of  the  invention  of  the  cyamde  process. 
In  his  article  on  "  The  MacArthur-Forrest  Process  of  Gold  Ex- 
traction,"  read  before  the  Society  of  Chemical  Industry,  March 


*  J.f.  Prakt.  Chemie,  xxxvii.,  p.  441,  year 


1846. 
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31,  1890,  and  reprinted  and  circulated  by  the  "  Gold  and  Silver 
Extraction  Company  of  America,"  Mr.  MacArthur  says : 

"  Not  having  seen  the  original  account  of  Eisner's  researches,  lam  not  in  a 
position  to  criticize  his  experiments,  but  I  never  could  find  that  the  presence  of 
oxygen  was  necessary  either  to  dissolve  gold  by  itself  or  from  ores  by  cyanide." 

He  cites  no  proof  of  his  opinion  regarding  the  action  on 
metallic  gold,  but  confines  himself  to  speculation,  as  follows : 

"  If  a  piece  of  gold  be  immersed  in  a  cyanide  solution,  so  that  air,  to  act  on  it, 
would  have  to  penetrate  two  or  three  inches  of  the  solution,  the  gold  will  dissolve 
in  its  usual  slow  and  steady  fashion.  The  equation  shows  that  either  oxygen 
must  be  absorbed  or  hydrogen  evolved.  I  have  seen  no  evidence  of  the  former, 
and  can  adduce  no  proof  of  the  latter  ;  but  I  think  the  latter  more  probable,  be- 
cause I  cannot  conceive  oxygen  penetrating  even  a  film  of  cyanide  solution  with- 
out oxidizing  the  cyanide  to  cyanate,  whereas,  in  the  other  case,  as  suggested  to 
me  by  my  friend,  Mr.  Ellis,  the  nascent  hydrogen  may  be  at  once  seized  by  the 
excess  of  cyanide  present  and  ammoniacal  compounds  formed." 

Unfortunately  for  this  ingenious  speculation,  it  does  not  seem 
to  be  borne  out  by  the  facts.  Maclaurin*  has  shown  by  a  very 
able  research  : 

(1)  That  oxygen  is  necessary  for  the  solution  of  gold  in  po- 
tassium cyanide  solutions,  and  that  it  combines,  quantitatively, 
according  to  Eisner's  reaction. 

(2)  That  the  rate  of  the  solubility  of  gold  in  potassium  cy- 
anide solutions  passes  through  a  maximum  in  passing  from 
concentrated  to  dilute  solutions. 

(3)  That  this  remarkable  variation  is  explained  by  the  fact, 
which  he  also  proves,  that  the  solubility  of  oxygen  in  cyanide 
solutions  decreases  with  the  concentration  of  the  latter. 

But,  to  continue  with  our  quotation  from  Mr.  MacArthur,  he 
Bays : 

"However,  we  do  not  concern  ourselves  much  with  the  reactions  of  pure  gold, 
but  as  a  matter  of  fact  we  cannot  find  that  oxygen  plays  any  part  in  the  cyanide- 
extraction  of  gold  from  ores.  We  have  treated  an  ore  with  cyanide  with  free 
access  of  air,  and  then  a  parallel  experiment  was  done  with  boiled  water,  the  bottle 
filled  to  the  stopper  with  solution  and  ore,  and  the  stopper  sealed.  The  extrac- 
tion was  the  same  in  both  cases." 

It  will  be  seen  that  nothing  is  said  as  to  the  composition  of 
the  ore,  so  that  the  experiment  is  not  decisive. 

*  Jour.  Chem.  Soc,  xliii.,  724,  May,  1893. 
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While  Maclaurin's  experiments  seemed  conclusive,  still  the 
diiterencc  of  opinion  between  Eisner  and  Maclaurin  on  the 
one  hand,  and  the  reputed  discoverer  of  the  cyanide  process 
on  the  other,  was  so  fundamental  that  it  seemed  worthy  of  fur- 
ther investigation.  The  importance  of  this  fundamental  reac- 
tion is  not  merely  scientitic,  it  is  of  the  greatest  practical  im- 
portance in  the  application  of  the  process. 

Hence,  this  was  one  of  the  first  points  to  which  I  turned  my 
attention.  The  result  of  my  investigation  was  an  entire  con- 
firmation of  the  accuracy  of  the  Eisner  reaction.  That  is,  re- 
peated experiments  indicated  that  a  solution  of  pure  cyanide 
of  potassium  in  pure  water,  from  which  all  other  substances 
are  excluded,  is  entirely  without  action  on  metallic  gold. 
Under  favorable  circumstances,  such  a  solution  absorbs  oxygen 
from  the  air  (without,  as  MacArthur  assumed,  immediately 
oxidizing  the  cyanide  to  cyanate),  and  the  affinity  of  the  po- 
tassium for  oxygen  and  water,  combined  with  the  affinity  of 
the  cyanogen  for  gold  and  cyanide  of  potassium,  leads  to  the 
formation  of  caustic  potash  and  potassium  aurocyanide,  as  per 
Eisner's  reaction.  When  the  air  present  is  limited,  the  reac- 
tion stops  when  the  oxygen  of  the  air  is  exhausted,  and  begins 
again  when  it  is  supplied. 

2.  The  Effect  of  Oxidizing  Agents. 
This  point  being  clearly  proved,  the  question  next  arose: 
Would  not  other  oxidizing  agents,  capable  of  liberating  nascent 
cyanogen  in  a  cyanide  solution  in  the  presence  of  gold,  also 
cause  ks  solution?  Several  hundred  experiments  showed  that 
this  assumption  was  likewise  correct.  Nearly  all  the  oxidizing 
agents  were  found  to  be  effective.  Among  those  used  were : 
Potassium  chlorate,  nitrate,  permanganate,  bichromate,  and  fer- 
ricyanide,  and  the  peroxides  of  barium,  manganese,  lead,  and 
sodium.  Each  of  these,  and  other  oxidizing  agents,  when 
added  to  a  potassium  cyanide  solution,  increased  the  solubility 
of  the  gold  over  that  shown  in  a  similar  solution  without  such 
addition.  Among  the  most  convenient  and  efficient  of  these 
agents  were  peroxide  of  sodium,  peroxide  of  manganese,  and 
ferricyanide  of  potassium.  These  experiments  were  made  in 
1892-3.  It  now  became  apparent  that  there  were  many  analogies 
between  the  cyanide  process  and  the  chlorination  process.     In 
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tlie  clilorination  process  the  gold  requires  only  free  chlorine 
and  water  for  its  solution,  as  the  chloride  of  gold  is  soluble  in 
water,  but  in  the  cyanide  process  there  are  required,  first,  free 
cyanogen  to  form  the  cyanide  of  gold,  and  then  free  cyanide 
of  potassium  to  form  the  soluble  double  cyanide. 

As  these  facts  became  clear,  other  means  of  producing  nascent 
cyanogen  in  the  presence  of  metallic  gold  and  a  solution  of  po- 
tassium cyanide  suggested  themselves.  Cyanogen  bromide  was 
the  first  of  these  agents  that  proved  effective,  in  experiments 
made  January  19,  1894.  When  cyanogen  bromide  is  added  to 
a  solution  of  potassium  cyanide  the  following  reaction  ensues  : 

BrCy  +  KCy  =  KBr  +  2Cy. 

In  the  presence  of  metallic  gold  and  an  excess  of  potassium 
cyanide,  the  further  reaction  ensues  : 

2KCy  H-  2Au  +  2Cy  =  2E:AuCy2. 

Or,  as  the  two  reactions  are  in  reality  simultaneous,  this  may 
be  expressed,  as  has  already  been  done  by  Mr.  Sulman*  as  fol- 
lows : 

3KCy  -f  2Au  +  BrCy  =  2KAuCy2  -f  KBr. 

The  success  of  the  above  experiment  was  so  great  that  ten 
days  later,  January  29,  1894,  a  simpler  process  was  tried.  This 
was,  to  add  a  small  amount  of  dilute  bromine  water  to  a  dilute 
stock-solution  of  potassium  cyanide,  the  latter  in  chemical  ex- 
cess, in  the  presence  of  metallic  gold. 

*  Messrs.  Sulman  and  Teed  claim  (in  the  Eng.  and  Mining  Joumnl,  February 
23,  March  30  and  April  '.0,  1895)  to  have  made  the  first  discovery  of  this  reagent, 
and  they  received  an  English  patent  September  14,  1895.  Whether  their  work 
antedates  mine  or  not,  I  do  not  know.  A.  W.  Warwick,  in  a  valuable  paper  in 
the  Eng.  and  Min.  Journal,  June  29,  1895,  claims  to  have  made  the  same  discov- 
ery independently,  but  does  not  give  the  date,  and  seems  to  misunderstand  the 
real  nature  of  the  reaction  that  takes  place,  assuming  tliat  oxygen  must  be  present 
when  cyanogen  bromide  acts  in  a  solution  of  potassium  cyanide  in  the  presence 
of  gold.  The  Mining  and  Scientific  Press  of  March  2,  1895,  says  that  some  months 
previous  to  that  date  a  letter  had  been  received  from  an  assayer  in  northeastern 
Washington  claiming  that  bromine  could  be  substituted  in  the  cyanide  process. 
E.  A.  Schneider,  Eng.  and  Min.  Journal,  March  23,  1895,  makes  a  similar  claim. 
It  would,  therefore,  appear  doubtful  whether  Messrs.  Sulman  and  Teed  are  the 
original  discoverers  of  the  bromo-cyanogen  process. 
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The  reactions  tliat  take  place  may  be  analyzed  as  follows : 

(a)  2KCy  +  Br  =  KBr  +  Cy  +  KCy. 

(b)  Au  +  Cy  +  KCy  =  KAuCy,. 

Or,  as  the  reactions  under  favorable  circumstances  may  be 
simultaneous  : 

(c)  2KCy  +  Au  +  Br  =  KAuCy^  +  KBr.* 

Of  the  two  reagents,  bromo-cyanogen  and  dilute  bromine- 
water,  I  distinctly  prefer  to  add  the  latter  to  the  potassium  cya- 
nide solution,  in  spite  of  the  opinion  of  Mr.  Teedf  to  the  con- 
trary. The  use  of  the  dilute  bromine-water  is  much  the 
simpler  method,  as  the  reagent  is  easily  made  of  any  desired 
strength  and  may  be  added  as  needed,  care  being  taken  always 
to  have  the  potassium  cyanide  in  excess,  and  not  to  add  the 
bromine-water  faster  than  the  cyanogen  set  free  can  be  absorbed 
by  the  gold.  To  do  this  correctly  requires  experience  and 
skill ;  and  unless  the  work  is  in  the  hands  of  a  competent  met- 
allurgist, a  great  loss  of  cyanide  and  poor  results  will  follow, 
whether  bromo-cyanogen  or  bromine-water  alone  is  added  to 
the  stock-solution  of  potassium  cyanide.  The  reason  of  this 
appears  to  be  the  great  tendency  of  free  cyanogen  to  form  para- 
cyanogen,  to  oxidize  into  certain  obscure  compounds  of  a  dark 
color,  and  to  "  run  down  "  generally.  Hence,  if  the  cyanogen 
4s  set  free  faster  than  the  gold  can  absorb  it  (owing  to  lack  of 
contact  at  the  time  that  the  cyanogen  is  set  free),  a  loss  of 
cyanogen  takes  place  to  no  useful  purpose.  Strong  solutions  of 
bromine  and  cyanide  of  potassium  should  be  avoided  for  like 
reasons. 

*  In  the  Eng.  and  Min.  Journal,  June  1,  1895,  in  an  article  on  "A  Bromo- 
Cyanide  Process  for  Gold  Extraction,"  Mr.  C.  A.  Mulholland  offers  the  following 
provisional  explanation  of  the  reaction  wliich  takes  place  when  bromine  is  added 
to  cyanide-solutions  in  the  presence  of  gold  : 

AXn  +  8KCy  +  2Br  +  O,  -f  H^O  =  -iAuKCvj  +  2KBr03  +  2K0H. 

This  very  involved  reaction  appears  to  have  been  imagined  because  it  was  sup- 
posed that  gold  could  not  dissolve  unless  oxygen  was  present,  the  author  having 
lost  sight  of  the  fact  that  the  bromine  is  capable  of  doing  the  same  work  as 
oxygen. 
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The  ideal  requirement  seems  to  be  to  secure  that  intimate 
molecular  contact  which  is  assumed  in  equation  (c),  above. 
In  this  case  the  cyanogen  reacts  in  the  nascent  state.  This  is 
a  condition  hard  to  realize  in  the  treatment  of  ores. 

In  the  treatment  of  gold  strips  in  cyanide-solutions,  I  found 
that  with  a  given  cyanide  solution  and  a  given  bromine-water 
solution,  the  amount  of  gold  dissolved  by  the  combined  treat- 
ment with  cyanide  and  bromine-water  was,  in  one  case,  four 
times  as  great  as  the  sum  of  the  amounts  of  gold  dissolved 
by  the  same  amounts  of  cyanide  and  bromine-water  solu- 
tions, each  acting  separately,  all  the  other  conditions  being  the 
same. 

Chlorine-water  may  be  used  instead  of  bromine-water.  Ac- 
cording to  the  reaction  in  equation  (c),  1  ounce  of  bromine  as 
such  will  cause  the  solution  of  2.45  ounces  of  gold,  while  1 
ounce  of  chlorine  will  cause  the  solution  of  5.52  ounces  of  gold, 
and,  as  per  Eisner's  reaction,  1  ounce  of  oxygen  will  dissolve 
24.5  ounces  of  gold.  Weight  for  weight,  the  oxygen  is  more 
eifective  than  either  chlorine  or  bromine.  I  have  also  found 
that,  properly  applied,  the  oxygen  of  the  air  gives  as  good  and 
even  better  results  than  either  chlorine  or  bromine.  But  the 
latter,  being  more  soluble  in  water,  are  more  conveniently 
used.* 

It  maybe  concluded  from  these  experiments,  that  cyanide  of 
potassium  solutions,  acting  alone,  are  absolutely  without  action 
on  metallic  gold ;  that  the  addition  of  some  substance  capable 
of  taking  the  potassium  away  from  a  part  of  the  cyanogen, 
thus  setting  the  latter  free  in  the  nascent  state,  is  an  essential 
condition  to  the  solution  of  metallic  gold  in  potassium  cyanide ; 

*  A  possible  application  to  the  chlorination  process  suggests  itself.  Owing  to 
insufficient  roasting  or  imperfect  gassing,  the  tails  from  the  chlorination-vats 
often  run  high.  At  present  these  must  either  be  thrown  away  or  else  dried,  re- 
roasted  and  regassed  and  leached.  It  might  be  feasible  to  have  a  set  of  large 
tailing-vats  into  which  such  lots  might  be  thrown  wet  and  leached  with  a  dilute 
solution  of  cyanide  until  they  were  sufficiently  low  in  gold  to  throw  away.  The 
small  amount  of  chlorine  remaining  in  such  tails  would  act  to  set  free  cyanogen 
enough  to  fix  the  gold.  Care  should,  of  course,  be  taken  to  wash  out  soluble 
metallic  salts  and  to  neutralize  the  free  acid  before  a  Iding  the  cyanide.  Such  a 
method  is  likely  to  fail  in  the  hands  of  Mr.  Stetefeldt's  old  enemy,  "the  mus- 
cular amalgamator."  And  it  is  doubtful  whether  sintered  clots,  formed  in  roast- 
ing, and  coarse  gold  which  has  escaped  the  amalgamator,  would  yield  to  this 
treatment. 
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and  that  this  agent  may  be  either  the  oxygen  dissolved  from  the 
air,  or  supplied  artificially,  or  a  suitable  oxidizing  agent,  such 
as  some  of  those  already  mentioned,  or  an  equivalent  addition 
of  chlorine,  bromine,  or  iodine,  or  the  compounds  of  these  with 
cyanogen. 

Which  of  these  should  be  used  will  depend  on  many  condi- 
tions, hard  to  specify  briefly.  There  is  danger  in  using  too 
strong  an  oxidizer  or  too  much  of  it.  In  such  a  case,  not  only 
are  other  secondary  reactions  likely  to  ensue  with  ores  contain- 
ing metallic  sulphides,  arsenides  and  antimonides,  which  lead 
to  the  destruction  of  the  cyanide,  but,  as  already  pointed  out, 
the  free  cyanogen  itself,  if  set  free  faster  than  it  can  be  taken 
up  by  the  gold,  simply  runs  down  into  oxidized  products  with- 
out doing  any  good.  This  is  the  great  difficulty  in  the  treat- 
ment of  low-grade  ores.  Nothing  but  experience  and  intelli- 
gent and  trained  supervision  can  meet  this  difficulty. 

One  cannot  avoid  noting  a  certain  analogy  between  the  ac- 
tion of  oxygen  of  the  air  on  the  blood  and  on  the  cyanide- 
solution.  In  the  former  the  oxygen  is  held  by  the  red  cor- 
puscles in  a  state  of  readiness  for  combination,  but  it  is  not 
actually  used  for  combustion  except  under  the  nervous  stimulus 
which  determines  combustion  at  the  point  where  energy  is  to 
be  produced.  In  the  cyanide-solution,  the  oxygen  and  the 
cyanide  of  potassium  may  exist  side  by  side  in  solution  (as 
experiment  shows)  without  sensible  a'^tion  on  each  other,  unless 
the  presence  of  gold  determines  the  Eisner  reaction  at  the 
point  where  oxygen,  water,  gold,  and  cyanide  of  potassium 
meet.  If  a  thorough  utilization  of  the  cyanide  is  desired,  the 
action  of  the  oxidizer  should  be  such  that  the  cyanide  will  be 
decomposed  only  under  the  stimulus  of  the  presence  of  the 
gold.  Under  these  circumstances,  the  cyanogen  will  be  utilized 
to  the  utmost.  If,  however,  the  oxidizer  is  a  powerful  one, 
capable  of  attacking  the  cyanide  on  its  own  account  in  the 
absence  of  gold,  the  inevitable  consequence  will  be  a  rapid 
destruction  of  the  cyanide,  just  as  would  be  the  destructive 
eiFect  of  such  oxidizers  on  the  blood. 

It  cannot  be  too  much  emphasized  that  it  seems  to  be  nascent 
cyanogen  only  that  acts  on  the  gold.  I  have  tried  saturating 
a  cyanide  of  potassium  solution  with  free  cyanogen,  but  have 
usually  obtained  only  very  unsatisfactory  results.     The  ten- 
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dency  to  form  paracyanogen  probably  explains  why  the  cyan- 
ogen in  this  case  has  so  little  effect  on  the  gold.  The  further 
tendency  of  the  paracyanogen  to  absorb  oxygen  and  run  down 
explains  also  why  its  presence  in  quantity  is  not  only  of  no  use 
but  is  a  positive  detriment,  as  it  prevents  the  oxygen  from  set- 
ting free  nascent  cyanogen  which  can  attack  the  gold. 

On  the  whole,  with  low-grade  ores  and  dilute  solutions,  the 
cyanide-solution  itself  will,  if  properly  aerated,  carry  oxygen 
enough  to  dissolve  the  gold ;  so  that  artificial  oxidizers  are  sel- 
dom needed,  unless  there  is  some  reducing  agent  present  in  the 
water  or  the  ore,  which  absorbs  the  oxygen.  In  such  a  case, 
and  with  richer  ores  and  stronger  solutions,  there  is  sometimes 
a  distinct  advantage  in  the  use  of  oxidizing  agents.  But,  un- 
less used  with  the  nicest  discrimination,  they  do  more  harm 
than  good. 

3.   The  Soluhiliti/  of  Gold  Sulphide  in  Potassium  Cyanide. 

There  still  remains  a  great  difference  of  opinion  as  to  the 
condition  in  which  gold  occurs  in  its  ores.  There  is  no  doubt 
that  the  greater  part  of  it  occurs  in  the  metallic  state.  Many 
contend  that  it  is  always  metallic.  It  cannot  be  denied,  how- 
ever, that  it  occurs  combined  with  tellurium,  and  there  is  some 
evidence  that  it  occurs  combined  with  other  sulphides,  anti- 
monides,  arsenides,  and,  perhaps,  with  bismuth,  to  form  com- 
pounds little  understood,  but  of  great  practical  importance  in 
the  treatment  of  sulphide  ores  containing  gold. 

It  seems  to  be  impossible  to  combine  gold  with  sulphur  alone 
in  the  dry  way.  I  have,  therefore,  tried  the  sulphide  of  gold, 
Au^Sz,  thrown  down  from  the  acid  chloride  by  sulphydric  acid 
gas.  In  a  5  per  cent,  solution  of  potassium  cyanide  this  sul- 
phide dissolved  completely  in  four  minutes ;'  in  a  1  per  cent, 
solution,  in  ten  minutes ;  in  a  one-fifth  per  cent,  solution,  in  one 
hour.  In  all  cases  there  were  found  in  solution  sulphide  of 
potassium  (K^S)  and  sulphocyanate  of  potassium  (KCyS),  and, 
in  most  cases,  suspended  sulphur.  The  latter  was  most  apparent 
with  the  dilute  solutions  of  cyanide. 

The  reactions  which  occur  seem  to  be  expressed  most  simply 
by  the  following  formulas : 

Au^S^  +  4KCy  =  2AuKCy2  -f  K.S  +  S. 
KCy  +  S  =  KCyS. 
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A  third  reaction  seems  indicated  hy  some  of  the  quantita- 
tive results,  viz. : 

Au^S^  +  K^S  =  An  J^S^  +  S. 

The  exact  rehxtion  of  these  three  reactions  seems  to  depend 
on  the  strength  of  the  cyanide-sohition  used.  The  remarkable 
solubility  of  the  sulphide  of  gold  is  no  doubt  partly  due  to  the 
greatly  increased  surface  of  the  sulphide  exposed  to  the  attack 
of  the  solvent,  but  it  is  also  due,  no  doubt,  to  the  double  athni- 
ties  set  up  between  the  gold  and  the  cyanogen  on  the  one  hand, 
and  the  potassium  and  the  sulphur  on  the  other.  There  is  evi- 
dently no  call  here  for  oxygen  or  an  oxidizing  agent  to  increase 
the  solubility  of  the  gold. 

4.   The  Solubility  of  Gold  Tellaride  in  Potassium  Cyanide. 

It  being  very  diiScult  to  prepare  the  telluride  of  gold  in  a 
wet  way  similar  to  that  in  which  the  sulphide  of  gold  was  pro- 
duced, I  have  experimented  with  telluride  of  gold  prepared  by 
fusing  pure  gold  with  tellurium,  as  well  as  with  natural  minerals 
containing  tellurium  and  gold  and  silver.* 

The  result  of  the  experiments  so  far  made  has  been  to  show 
that  the  tellurides  of  gold  and  silver  experimented  on  both  dis- 
solve in  the  cyanide  solution  with  the  greatest  difficulty.  This 
is  probably  due  to  the  fact  that  the  affinity  of  potassium  for 
tellurium  is  much  smaller  than  for  sulphur;  but  tellurium, 
tending  to  absorb  0x3- gen  and  forming  tellurous  acid,  also  tends 
to  retard  the  oxidation  of  the  potassium  and  the  solution  of 
the  gold. 

5.   The  Solubility  of  Antimonide  of  Gold  in  Potassium  Cyanide. 

An  antimonide  of  gold  produced  by  fusion  of  the  pure 
metals  acted  very  much  as  did  the  telluride  of  gold.  A  copious 
white  powder  of  antimony  oxide  formed  in  the  solution  and 
the  action  was  retarded,  probably  for  the  same  reasons  as  op- 
erated with  the  telluride  of  gold. 

*  I  have  had  great  difficulty  in  obtaining  material  of  this  kind  of  sufficient 
quantity  and  purity  for  the  work,  and  would  be  greatly  obliged  to  members  of  the 
Institute  who  will  supply  me  with  adequate  material.  What  I  particularly 
desire  is  the  pure  tellurides  of  gold  and  silver  existing  separately  in  such  quan- 
tity that  it  will  pay  for  the  outlay  of  time  and  labor  necessary  for  analyses  and 
experiments. 
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n. — The  Precipitation  of  Gold  from  Cyanide  Solutions. 
Those  who  are  familiar  with  the  instability  of  most  of  the 
salts  of  gold,  and  the  ease  with  which  all  reducing  agents,  and 
even  light,  precipitate  metallic  gold,  will  be  surprised  at  the 
tenacity  with  which  gold  is  held  in  solution  as  aurocyanide  of 
potassium.  None  of  the  usual  agents  can  be  relied  on  to  pre- 
cipitate it;  sulphydric  acid,  oxalic  acid,  sulphurous  acid,  fer- 
rous sulphate,  etc.,  which  are  usually  so  prompt  in  precipitating 
gold,  are  of  no  avail  here.  So  long  as  the  cyanide  of  potassium 
is  in  excess,  they  give  either  not  the  least  trace  of  a  precipitate 
or  only  a  very  imperfect  one.  In  order  to  have  these  agents 
act  with  certainty,  it  is  necessary  to  destroy  all  the  cyanogen 
present.  This  is  a  long  and  difficult  process.  My  attention 
was  early  directed  to  the  need  of  a  certain  method  of  recovery, 
for  precipitation  by  zinc-shavings  was  exceedingly  inconvenient 
in  laboratory  tests.  For  a  long  time  the  only  certain  method 
that  could  be  relied  upon  was  either  to  evaporate  the  whole 
solution  to  dryness  in  a  dish  made  of  test-lead,  and  to  scorify 
the  residue,  or  else  to  acidify  the  solution  with  sulphuric  acid, 
and  boil  till  copious  fumes  of  sulphuric  acid  appeared  and  the 
gold  separated  out  in  the  metallic  state.  The  solution  was  then 
diluted,  filtered  and  the  residue  scorified.  The  results  were 
satisfactory,  provided  the  evaporation  was  pushed  far  enough 
to  destroy  all  the  cyanide,  and  no  chlorides  were  left  in  the 
solution.  Otherwise  the  results  were  liable  to  be  low.  The 
extreme  tedium  of  this  method,  even  on  a  laboratory  scale,  led 
very  early  in  the  study  of  the  solubility  of  gold  to  a  parallel 
study  of  the  causes  that  contributed  to  the  opposite  eifect,  viz., 
the  precipitation  of  gold  from  its  solutions.  In  reality,  these 
are  the  two  opposite  aspects  of  the  same  question. 

According  to  most  of  the  authorities,  when  a  solution  of  po- 
tassium aurocyanide  is  acidified  with  sulphuric  acid  the  cyanide 
of  gold  promptly  separates  as  a  yellow  precipitate.  From  the 
solution  obtained  in  treating  gold-ore  with  a  1  per  cent,  cyan- 
ide-solution, even  when  it  contains  several  hundred  dollars' 
worth  of  gold  per  ton,  nothing  of  the  sort  takes  place.  The 
solution  remains  perfectly  clear  and  colorless.  It  is  only  when 
the  solution  has  been  evaporated  down  and  the  acid  gets  con- 
centrated and  hot  that  the  canary-yellow  aurocyanide  separates 
out.     If  the  acid  gets  stronger,  this  salt  is  gradually  decom- 
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posed,  and  finally  metallic  gold  remains.  The  cyanide  of  gold 
is  more  difficult  to  decompose  than  the  telluride.  For  it  is 
only  the  strongest  hot  sulphuric  acid  which  will  convert  the 
canary-yellow  crystals  of  AuCy  into  metallic  gold. 

The  remarkable  foct  that  the  gold  remains  in  solution  after 
being  acidified  with  a  strong  mineral  acid,  and  that  a  precipi- 
tate forms  only  on  the  long-continued  ap[)lication  of  heat,  seems 
to  show  that  a  compound  HAuCyj,  which  I  shall  call  aurocyan- 
hydric  acid,  is  formed,  similar  to  the  ferrocyanhydric  and  the 
ferricyanhydric  acids ;  in  short,  that  we  have  to  deal  with  an 
acid  radical  of  the  same  class  as  the  two  just  named,  and  not 
with  an  ordinary  double  cyanide,  AuCy,  KCy,  as  is  usually 
supposed.  There  are  many  converging  indications  pointing  to 
this  conclusion  which  it  would  take  too  long  to  enter  into  here. 

1.  Regeneration  of  Potassium-Cyanide  from  Dilute  Solution 
by  Acidification. 

Before  this  fact  was  understood,  it  was  thought  that  the  gold 
was  kept  in  solution  by  the  free  HCy  left  in  the  solution  after 
acidification  by  sulphuric  acid.  If  this  free  acid  could  be  re- 
moved, it  was  hoped  that  the  gold  cyanide  would  be  precipi- 
tated. At  the  same  time  it  was  hoped  that  the  free  HCy  could 
be  regenerated  by  absorption  in  caustic  potash.  This  subject 
was  exhaustibly  investigated  in  February  to  May,  1893. 

It  was  found  that  although,  when  acidified  with  sulphuric 
acid,  a  1  per  cent,  solution  of  potassic-cyanide  gave  not  the 
least  apparent  trace  of  escape  of  HCy,  yet,  if  the  solution  thus 
acidified  was  left  for  several  weeks  near  an  open  vessel  contain- 
ing caustic  potash,  nearly  all  the  HCy  w^ould  be  absorbed  by  the 
alkali.  As  this  operation  was  too  slow  to  be  of  practical  use, 
air  was  pumped  first  through  the  acidified  solution  and  then 
through  the  solution  of  caustic.  The  same  air  was  used  over 
again  to  avoid  the  presence  of  carbonic  acid.  By  using  steam 
with  the  air,  the  contents  of  the  stock-solution  in  cyanide  were 
reduced  in  three  hours  from  1  per  cent,  to  0.07  per  cent,  of  free 
HCy.  By  using  absorption-towers  (the  usual  means  of  increas- 
ing surface-exposure)  such  results  might  be  reached  in  practice 
without  the  use  of  steam.  Similar  results  were  reached,  with- 
out the  use  either  of  absorption-towers  or  of  steam,  in  from 
eight  to  ten  hours. 
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At  tlie  same  time  it  was  found  possible  to  regenerate  from  a 
1  per  cent,  stock-solution  of  cyanide,  a  concentrated  solution 
of  any  desired  strength  of  potassium-  or  calcium-cyanide,  vnth. 
a  total  of  cyanide  actually  recovered,  up  to  80  or  90  per  cent. 
The  avidity  with  which  caustic  potash  or  lime  absorbs  the  HCy 
reduces  the  loss  to  a  minimum.  In  case  the  solution  contains 
alkaline  sulphides,  these  would  have  to  be  removed  previously 
by  treatment  with  lead  carbonate  or  sulphate. 

A  method  was  thus  found  which,  with  a  little  engineering 
skill,  can  be  used  for  regenerating  solutions  of  cyanide  of  po- 
tassium. 

2.    The  Precipitation  of  Gold  from  Aurocyanhydric  Add. 

Although  it  was  thus  found  possible  to  remove,  down  to 
0.01  per  cent.,  the  free  HCy  from  such  a  solution  acidified  with 
sulphuric  acid,  still  the  gold,  even  to  the  amount  of  $603  per 
ton,  or  0.1  per  cent.,  would  remain  in  the  perfectly  clear,  color- 
less solution.  As  already  stated,  the  only  explanation  found  for 
this  was  the  presence  of  aurocyanhydric  acid  (HAuCy,)  in  solu- 
tion. It  was  found  that,  even  under  these  circumstances  (ab- 
sence of  all  free  KCy,  and  only  a  trace  of  free  HCy),  all  the 
usual  reagents,  such  as  oxalic,  •  sulphurous,  sulphydric  acids, 
etc.,  failed  to  precipitate  the  gold,  either  giving  no  precipitate 
or  else  only  a  very  imperfect  one. 

Experiments  were  made  as  early  as  March,  1893,  with  nitrate 
of  silver,  nitrate  of  lead,  and  mercurous  nitrate.  A  complete 
precipitation  of  the  gold  resulted  when  an  excess  of  nitrate  of 
silver  was  added,  either  to  the  above  aurocyanhydric  acid  or  to 
the  corresponding  potash  salt.  This  would  be  a  neat  and  prac- 
ticable method  on  the  large  scale,  if  it  were  not  for  the  cost  of 
the  silver.  The  nitrates  of  lead  and  mercury  gave  partial  pre- 
cipitation in  most  cases. 

Oxidizing  agents,  such  as  permanganate  of  potassium  and 
peroxides  of  manganese  and  lead  in  acid  solutions,  also  facili- 
tate the  precipitation.  The  filtration  of  the  solution  through 
red  lead  or  massicot  has  been  covered  by  an  English  patent 
granted  to  P.  de  Wilde,  December  22,  l894. 

3.  Precipitation  of  Gold  from  Potassium-Aurocyanide  by  Means 

of  Charcoal. 
On  July  3,  1894,  an  American  patent  was  granted  to  the  late 
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Willuim  D.  Jolinson,  at  that  time  chemist  of  the  California 
State  Mining  Bureau,  for  a  method  of  extracting  gold  from  a 
cyanide-sokition  by  passing  the  solution  through  a  series  of 
charcoal  filters,  and  subsequently  burning  the  charcoal  and 
smelting  the  ashes  A\^th  suitable  fluxes. 

The  use  of  charcoal  for  this  purpose  had  already  been  tried 
for  extracting  gold  from  the  chloride  solutions  produced  in  the 
Plattner  process.  For  this  purpose  it  is  certainly  a  very  effi- 
cient method  of  precipitating  gold;  but  the  subsequent  extrac- 
tion of  the  gold  from  the  charcoal  is  almost  as  troublesome  as 
the  extraction  of  the  gold  from  the  original  ore. 

Dr.  Johnson  claimed  that  a  single  filtration  would  remove 
25  per  cent,  of  the  gold,  and  that,  by  repeated  filtrations,  95 
per  cent,  of  the  gokf  could  be  recovered.  It  is  evident  that  if 
only  25  per  cent^  of  the  gold  present  could  be  recovered  by  a 
single  filter,  it  would  take  a  very  large  number  of  filters  to  re- 
move all  the  gold,  and  consequently  a  large  volume  of  ckarcoal 
would  have  to  be  burned  to  recover  it. 

In  order  to  test  the  method,  the  following  experiments  were 
tried  •  Two  cyanide-solutions  containing  each  100  c.c.  with 
about  0.1  per  cent,  of  gold  ($603  per  ton  solution),  were  each 
filtered  through  separate  filters,  and  the  process  was  repeated 
four  times.  Each  filter  contained  seven  grammes  of  charcoal. 
One  of  the  solutions  was  alkaline,  tke  other  had  been  made 
acid  with  sulphuric  acid.  From  the  acid  one  15  per  cent.,  in 
the  other  case  6.5  per  cent,  of  the  gold  present  was  precipitated 
by  the  charcoal.  These  experiments,  made  under  much  more 
favorable  conditions  than  could  occur  on  the  large  scale,  show 
that  this  method  can  hardly  prove  of  service  with  rich  solutions 
in  practical  work.* 


«  Since  this  paper  was  presented  at  the  Denver  meeting,  I  have  been  paying 
more  attention  to  the  action  of  dilute  cyanide  solutions,  and  I  have  thought  it 
well  to  investigate  the  action  of  charcoal  on  such  solutions. 

For  this  purpose  the  following  experiments  were  outlined  :  Two  solutions  ot 
2000  c.cms.  each  were  prepared.  The  one  («)  contained  0.001  per  cent,  of  gold 
as  potassium  aurocyanide,  or  $6.03  per  ton  solution,  but  no  free  cyanide  of  potas- 
sium The  other  (/.)  contained  the  same  amount  of  gold,  but  also  0.2  per  cent, 
of  cvanide  of  potassium.  Each  solution  was  contained  in  a  Manotte  bottle  11.4 
cms.  in  diameter,  so  arranged  that  the  solutions  were  discharged  upon  charcoa 
filters  so  that  the  charcoal  was  kept  constantly  submerged,  and  under  a  constant 
head      The  charcoal  was  crushed  so  that  it  passed  a  20-mesh  sieve,  but  was  mostly 
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4.  Precipitation  of  Potassimn-Aurous  Cyanides  hy  Mercuric  Chloride. 

Fremy  (JSncyclopedie  Chimique,  t  2,  Metalloides,  Sec.  2,  Ease. 
2,  p.  463)  states  that  potassium-aurocyanide  is  precipitated  by 
mercuric  chloride  according  to  the  following  reaction : 

2KAuCy,  +  HgCl,  =  2AuCy  +  2KCl,HgCy,. 

This  reaction  I  have  also  tested.  A  solution  assaying  several 
hundred  dollars  per  ton,  and  carrying  only  a  trace  of  free  cyan- 
fine  dust.  It  was  contained  in  a  cylindrical  glass  tube,  10  cms.  long  by  2  cms.  in 
diameter;  it  weighed  in  each  case  dry  10  grammes. 

It  took  nearly  two  days  for  the  first  ■'^OO  c.cms.  of  solution  to  filter  through  each 
filter.  The  filtrate  from  (a)  contained  no  gold.  That  from  (6)  contained  a  trace 
(less  than  0.01  mg.).  The  next  12<)0  c.cms.  took  nearly  five  days  to  filter.  Fil- 
trate (a)  contained  0.01  mg.  of  gold,  while  (6)  contained  1.40  mgs.  The  char- 
coal from  (a)  contained  20.03  mgs.  gold,  while  that  from  (b)  contained  18.70 
mgs. 

The  actual  recovery  of  the  gold  by  the  charcoal  was  in  (a),  in  the  absence  of 
free  cyanide,  99.95  per  cent.  ;  in  (6),  in  the  presence  of  0.2  per  cent,  free  cyanide, 
it  was  93.03  per  cent.  The  free  cyanide,  in  the  latter  case,  was  reduced  from  0.2 
per  cent,  to  0.118  per  cent. 

These  results  are  of  great  importance,  for  they  show  that,  under  certain  con- 
ditions, all  the  gold  can  be  precipitated  from  potassium  aurocyanide  by  means  of 
charcoal,  and  that  even  in  the  presence  of  free  cyanide  of  potassium  93.03  per 
cent,  can  be  precipitated. 

Further  study  of  the  data  given  above  shows  that  the  charcoal  in  («)  contained 
0.2  per  cent,  gold,  or  $1206  per  ton,  while  (6)  contained  0. 187  per  cent.,  or  311s2 
per  ton.  These  figures  would  seem  to  represent  the  limit  of  enrichment  at 
which  the  charcoal  ceased  to  act  in  either  case,  the  limit  being  lower  in  the  pres- 
ence of  the  free  cyanide.  In  the  case  of  the  stronger  solutions  previously  tested 
(which  were  100  times  richer  in  gold),  the  content  of  the  charcoal  in  the  acidified 
test  was  0.:^1  per  cent,  gold,  or  $1266  per  ton;  and  in  the  alkaline  one,  con- 
taining a  certain  amount  of  free  cyanide,  it  was  0.091  per  cent.,  or  $548 
per  ton. 

These  results  would  seem  to  show  tliat  Dr.  Johnson's  view  that  the  charcoal 
can  be  depended  on  to  precipitate  25  per  cent,  of  the  gold  present  at  each  filtra- 
tion is  erroneous.  It  would  ratlier  seem  that  a  given  amount  of  a  certain  char- 
coal has  a  definite  capacity  of  precipitation  ;  that  within  this  limit  it  acts  com- 
pletely and  promptly  ;  beyond  this  limit  it  acts  less  completely  and  quickly  ; 
and  that  finally  it  ceases  to  act  at  all.  The  presence  of  free  cyanide  of  potassium 
seems  to  lower  its  precipitating  capacity,  and  perhaps  at  a  certain  point  stops  it 
altogether  ;  acidification  seems  to  increase  the  capacity.  These  views  are,  of 
course,  provisional,  as  the  subject  is  still  under  investigation. 

It  must  be  evident  that  in  its  present  form  the  method  gives  a  much  less  con- 
centrated precipitate  of  gold  (only  0.2  per  cent.)  than  either  the  zinc,  the  electric 
or  the  cuprous  method  of  precipitation.  The  precipitate  obtained  in  the  latter 
method  often  contains  40  to  60  per  cent,  of  its  weight  in  gold,  or  it  assays  from 
$240,000  to  $360,000  per  ton. 
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ide  of  potassium,  remained  perfectly  clear  for  several  hours 
after  the  addition  of  mercuric  chloride.  The  next  day,  how- 
ever, I  found  a  yellow  precipitate  of  cyanide  of  gold,  so  fine 
that 'it  iihered  clear  with  great  difficulty.  When,  finally,  a  clear 
filtrate  was  obtained,  the  gold  continued  to  precipitate  for  several 
days;  it  also  had  a  tendency  to  adhere  strongly  to  the  walls  of 
the  tube.  These  indications  seemed  to  point  to  the  need  of 
heat  to  hasten  the  reaction.  Consequently  I  tried  heating  the 
solution.  I  found  that  this  greatly  aided  the  reaction.  On 
boiling  the  solution  for  a  few  minutes  the  gold  was  almost  en- 
tirely "thrown  down  as  the  yellow  cyanide,  and  could  be  easily 
filtered  out,  leaving  a  perfectly  clear  filtrate. 

In  the  filtrate  from  the  aurous  cyanide  the  mercury  could  be 
saved  and  the  cyanide  recovered  by  adding,  very  exactly,  the 
amount  of  sulphide  of  potassium  to  throw  down  the  mercury 
as  sulphide.  Cyanide  of  potassium  would  thus  be  regenerated 
in  the  solution.  The  latter  would  then  be  ready  for  another  leach- 
ing ;  and  even  should  a  little  gold  be  left  in  the  solution  from 
in^perfect  precipitation  it  would  not  be  lost.  The  precipitated 
cyanide  of  gold,  gently  ignited  at  a  low  red  heat  in  the  air, 
turns  to  pure  gold. 

This  method  of  precipitating  may  be  useful  under  certain 
circumstances,  but  the  necessity  of  heating  the  solution  adds  so 
many  complications  and  so  much  expense  to  a  leaching-process, 
that 'it  is  robbed  of  many  of  its  advantages.  In  the  presence  of 
free  cyanide  of  potassium  this  precipitation  does  not  take  place. 

5.   On  the  Precipitation  of  Potassium  Aurocyanides  by  Copper  and 

its  Compounds. 

It  was  early  noted  in  the  study  of  the  cyanide-process  that 
copper,  with  its  compounds,  was  destined  to  play  a  very  im- 
portant role  in  the  development  of  the  process.  In  fact,  it  is 
well  known  that  certain  copper-minerals  are  active  obstacles  to 
the  successful  extraction  of  gold  from  its  ores. 

The  thought  naturally  suggested  itself:  May  not  this  diffi- 
culty in  the  solution  of  gold  be  utilized  to  aid  in  its^  precipita- 
tion ?  In  March,  1893,  a  sheet  of  metalhc  copper  was  immersed 
in  a  solution  of  cyanide  of  potassium  containing  a  third  of  a 
gramme  of  gold  in  solution.  Instead  of  the  precipitation  of 
metallic  gold  on  the  copper,  a  light  yellow  precipitate  began  to 
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form  tliroiigliont  tlie  liquid.  Very  little  of  this  formed  on  the 
copper  itself;  it  was  found  as  a  sediment  throughout  the  liquid. 
After  three  days  three-fourths  of  the  gold  had  been  precipitated. 
The  copper  was  then  removed ;  but  the  gold-containing  sedi- 
ment continued  to  separate  from  the  solution  for  over  a  week, 
until  all  but  11  mgs.  of  the  gold  had  been  precipitated.  This 
very  important  experiment  did  not  at  the  time  seem  to  lead  to 
anything  practicable,  for  the  action  seemed  too  slow  and  uncer- 
tain to  be  of  any  value. 

Recalling  the  fact  that  the  sulphide  of  copper  had  been  sug- 
gested by  C.  H.  Aaron  and  L.  D.  Godshall  {Eng.  and  Min.  J!, 
Nov.  29,  1890)  for  the  precipitation  of  gold  from  the  chloride- 
solution  produced  in  the  Plattner  chlorination-process,  it  oc- 
curred to  me  that  a  similar  precipitation  might  take  place  from 
the  cyanide-solution.  Hence,  on  May  4,  1893,  three  lots  of 
potassium  aurocyanide,  with  0.02  per  cent,  of  KCy  and  a  quar- 
ter of  a  gramme  of  gold,  were  treated  by  agitation  for  four 
hours  with  CuS  precipitated  from  CuSO^  by  H,S.  The  still 
moist  precipitate  was  washed  and  then  stirred  into  the  solution. 
One  of  the  solutions  was  left  neutral,  the  other  made  strongly 
alkaline  with  caustic  potash,  and  the  third  made  acid  with  sul- 
phuric acid.  In  the  alkaline  and  neutral  solutions  two-thirds 
of  the  gold  were  thrown  down  by  the  copper  sulphide ;  in  the 
acid  one,  all  of  it  was  precipitated.  Numerous  experiments 
with  the  sulphide  of  copper  produced  by  fusion  showed  that 
the  form  originally  used  gave  the  best  results,  probably  on 
account  of  its  greater  surface.  Since  the  date  of  its  first  dis- 
covery, in  May,  1893,  this  method  of  recovery  of  gold  from 
cyanide-solutions  has  been  repeatedly  used  in  my  laboratory, 
and  has  stood  the  most  rigid  tests.  It  is  necessary  to  acidify  the 
solution  with  a  mineral  acid  like  sulphuric  acid,  and  it  is  best 
to  remove  as  far  as  possible  the  free  HCy  by  one  of  the  methods 
already  explained.  In  case  there  is  less  than  0.1  per  cent,  of 
free  HCy  present  this  may  be  omitted.  The  CuS,Aq  pro- 
duced by  the  action  of  H^S  on  a  solution  of  CuSO^  is  then 
added  to  the  solution ;  the  whole  is  stirred  thoroughly  at  inter- 
vals for  several  hours  and  then  filtered  out.  The  gold  will  be 
contained  in  the  residue. 

In  one  case,  CuS,  weighing,  when  dried,  5  grammes,  was 
added  to  1000  c.c.  of  an  acidified  solution  of  aurocyanhydric 
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acid  containing  1  gramme  of  gold  in  solution.  All  the  gold 
was  precipitated.  The  copper  sulphide  precipitated  one-fifth 
of  its  dry  weight  of  gold.  The  gold  was  readily  recovered  from 
the  residue,  after  making  it  alkaline  hy  digesting  it  with  sodium 
sulphide,  in  which  the  gold  is  readily  soluble.  The  copper  sul- 
phide may  then  be  used  over  again.  From  the  sulphide-solu- 
tion the  gold  is  readily  precipitated  by  electrolysis,  the  more 
readily  as  the  solution  is  small  in  bulk  and  concentrated.  Other 
methods  of  extracting  the  gold  from  the  copper  are  also  avail- 
able. 

The  gold  may  also  be  removed  from  the  cyanide-solution, 
after  acidification,  by  filtering  it  through  CuS  without  agita- 
tion. I  prefer,  however,  to  agitate  first  and  filter  afterwards. 
Another  method  that  was  used  was  to  add  copper  sulphate  and 
then  sulphydric  acid  to  the  acidified  solution.  Provided  the 
excess  of  free  HCy  be  first  removed,  one  atom  of  copper  will 
thus  precipitate  one  atom  of  gold,  or  one  pound  of  metallic 
copper  as  sulphate  Avill  precipitate  3.11  pounds  of  gold. 

Both  of  these  methods  were  used  with  complete  success  on 
the  solutions  obtained  by  treating  gold-ores  with  cyanide  solu- 
tion at  various  intervals  from  May,  1893,  to  1896. 

A  careful  study  of  the  solutions  used  in  the  above  experi- 
ments showed  that  the  gold  was  precipitated  without  more  than 
a  trace  of  copper  going  into  the  solution.  The  unusual  occur- 
rence of  one  metal  precipitating  another  A\athout  itself  going 
into  the  solution,  led  to  a  careful  study  of  the  reaction  involved. 
This  was  also  viewed  in  the  light  of  the  experiment  with  the 
strip  of  metallic  copper  already  mentioned.  Also,  in  an  ex- 
periment made  in  1894,  where  CujS  was  used  to  precipitate  the 
gold  from  an  acid  solution  of  aurocyanide,  a  white  precipitate, 
containing  cuprous  cyanide,  was  formed,  which  gave  to  the 
entire  solution  the  appearance  of  milk.  It  was  also  noticed 
that  when  copper  sulphate  was  added  to  a  strong  solution  of 
aurocyanide,  a  white  precipitate  formed  which  contained  gold 
and  copper.  Also,  when  H^S  was  added  to  a  gold-cyanide  solu- 
tion containing  copper,  it  was  noticed  that,  at  the  first  instant 
when  the  gas  came  in  contact  with  the  solution,  a  white  pre- 
cipitate was  formed,  which  gradually  changed  to  the  black  color 
of  copper  sulphide  as  more  H.^S  was  added.  All  these  con- 
siderations pointed  to  the  conclusion  that  the  gold-containing 
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precipitate  was  in  all  cases  mainly  a  salt  of  aurocyanhydric 
acid,  either  cuprous  aurocyanide  or  the  corresponding  sulpho- 
salt. 

This  explanation  of  the  reaction  was  made  early  in  1894. 
As  soon  as  this  was  settled,  another  method  suggested  itself, 
and  proved  to  be  a  success.  A  solution  of  cuprous  chloride 
was  prepared  by  adding  sodium  chloride  to  a  solution  of  cupric 
sulphate,  and  saturating  the  mixture  with  sulphurous  acid. 
"When  this  was  added  to  the  potassium  aurocyanide,  a  white 
precipitate  was  formed  at  once,  which  contained  all  the  gold. 
In  the  first  experiment  tried  the  metallic  copper,  present  as 
cuprous  chloride,  precipitated  over  twice  its  weight  of  gold. 
All  the  cuprous  salts  were  found  effective  for  this  purpose. 
Even  the  cuprous  cyanide  formed  by  adding  copper  sulphate  to 
a  potassium  cyanide  solution,  and  then  acidifying  with  sul- 
phuric acid  and  filtering  out  the  white,  curdy  cuprous  cyanide, 
was  thus  effective.  As  this  salt  is  much  more  permanent  than 
the  cuprous  chloride,  it  may  prove  of  service  in  practice,  though 
it  is  more  expensive  than  the  latter.  I  have  also  found  that 
cuprous  hyposulphite  precipitates  aurocyanides.  The  precipi- 
tate, however,  is  soluble  in  excess  of  either  potassium  cyanide 
or  sodium  hj-posulphite.  Hence  a  complete  precipitation  of 
the  gold  can  only  be  expected  after  the  solution  has  been  made 
acid. 

The  method  that  1  have  used  most  constantly  since  April, 
1895,  is  to  add  sulphuric  acid  to  gold-cyanide  solution  till  it 
reacts  acid  to  litmus.  If  the  solution  is  strong  in  IlCy,  it  is 
usually  best  to  remove  this  first,  either  by  the  aeration  method 
already  described,  or  else  to  remove  it,  previous  to  the  acidifi- 
cation, by  means  of  the  zinc-sulphate  method,  to  be  mentioned 
later.  To  the  acidified  solution  I  add  cuprous  chloride,  as  above 
described.  When  this  solution  is  added,  the  gold  and  excess 
of  HCy  come  down  at  once  as  a  white  precipitate,  generally 
turning  slightly  yellow.  The  cuprous  chloride  should  be  added 
till  a  drop  of  the  filtrate  gives  a  rod  precipitate  with  ferrocya- 
nide  of  potassium.  The  gold  is  thus  rendered  insoluble,  and 
may  be  filtered  out  as  cuprous  aurocyanide  (CuAuCyj).  This 
compound  is  insoluble  in  dilute  acids,  but  readily  soluble  in 
cyanide  of  potassium.  The  gold  is  easily  extracted  from  it  in 
several  ways. 
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In  October,  1895,  Prof.  P.  de  Wilde,  of  the  University  of 
Brussels,  published  a  method  of  precipitating  gold  from  cyanide 
solutions  in  the  Revue  Universelle  des  Mines,  de  la  Metallurgie,  etc., 
in  an  article  entitled  "  ^N'ote  on  a  New  Method  for  the  Extrac- 
tion of  Gold  from  Tailings,  Slimes  and  Concentrates." 

His  method  consists  in  three  steps : 

a.  The  leaching  of  the  ore,  etc.  This  he  does,  as  in  the  Sie- 
mens and  Ilalske  process,  with  an  0.05  per  cent.  KCy  solution, 
containing  about  the  same  amount  of  free  caustic  soda  or  lime, 
as  may  be  necessary. 

h.  The  recovery  of  the  excess  of  alkaline  cyanide.  This  he 
attempts,  as  had  already  been  proposed  by  MacArthur,  by  add- 
ing ferrous  sulphate  and  precipitating  ferrous  cyanide  until  po- 
tassium ferricyanide  gives  with  a  drop  of  the  filtrate  a  precipi- 
tate of  Prussian  blue.  In  order  to  avoid  the  precipitation  of 
the  gold  it  is  necessary  that  the  free  alkali  should  be  nearly 
neutralized  before  adding  the  ferrous  sulphate.  This  method 
will  work,  as  I  have  proved  by  experiment,  but  I  regard  it  as 
thoroughly  unpractical.  The  bulk  of  the  precipitate  is  some- 
thing enormous ;  it  takes  a  week  to  filter  and  remove  the  gold- 
solution  ;  it  is  constantly  changing  composition,  running  finally 
into  Prussian  blue ;  and  it  is  no  simple  matter  to  extract  the 
cyanide  from  it  when  once  it  has  been  obtained.  The  author 
himself  evidently  does  not  put  much  faith  in  it.  He  concludes 
by  remarking  that  with  dilute  cyanide-solutions  this  step  of  re- 
covery may  be  omitted. 

c.  The  precipitation  of  the  gold.  Here  he  describes  a  method 
the  same  in  principle,  and  almost  the  same  in  detail,  as  the  one 
I  have  described  as  used  in  my  laboratory  since  April,  1895.  I 
translate  from  his  article  : 

"My  third  operation  is  based  on  the  following  principle :  In  a  solution  con- 
taining the  double  cyanide  of  gold  and  potassium  (AuKCy.,)  (or  sodium)  one  pre- 
cipitates all  the  cyanogen  in  the  form  of  aurous  cyanide  (AuCy)  and  cuprous 
cyanide  (CuCy),  on  acidifying  first  the  solution  with  sulphurous  acid  (SO^H.^) 
and  then  adding  a  solution  of  sulphate  of  copper  (CUSO4). 

."  The  reaction  is  extremely  sharp,  and  the  least  excess  of  sulphate  of  copper 
suffices  to  produce  an  absolutely  complete  precipitation  of  the  gold.  In  operating 
under  the  most  varied  conditions  and  with  solutions  containing  only  five  or  six 
milligrammes  of  gold  to  the  1000  c.c,  I  have  never  been  able  to  find  the  least 
loss  of  gold. 

"  If  the  liquid  contains  alkaline  cyanide  in  excess  (which  is  the  case  in  my 
method),  this  is  transformed  completely  into  cuprous  cyanide. 
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"  The  acidification  can  be  made  by  the  injection  of  sulphurous  anhydride  (SO^) 
by  means  of  a  solution  of  sulphurous  acid,  or  of  an  alkaline  bi-sulphite  (meta- 
sulphite  of  potassium  or  of  sodium  Na^S^Os)." 

It  will  be  seen  that  Prof,  de  Wilde  makes  his  cuprous  salt 
in  the  solution  itself,  also  acidifying  the  solution  at  the  same' 
time  with  sulphurous  instead  of  sulphuric  acid.  This  may 
appear  an  advantage ;  I  think,  however,  that  the  mechanical 
difficulty  of  treating  a  large  volume  of  solution  ^vith  gas  will 
more  than  offset  the  slightly  greater  cost  of  the  sulphuric  acid 
for  the  same  purpose.  However  this  may  be,  I  prefer  my 
method  of  making  the  cuprous  salt  outside  of  the  stock-solu- 
tion and  from  strong  solutions,  so  that  the  application  of  the 
sulphurous  acid  may  be  more  readily  controlled  and  the  pro- 
duction of  the  cuprous  salt  more  complete.  With  these  slight 
diffiBrences  of  detail,  the  methods  are  the  same.  Whether  the 
method  was  first  discovered  in  Belgium  or  California  is  a  mere 
matter  of  dates. 

I  have  tried  the  method  suggested  by  Prof,  de  Wilde,  as 
well  as  my  own,  with  solutions  containing  from  only  $3  to  over 

$600  per  ton  of  gold  (from  yoVo"  ^^  -'■  P^^  ^®^^*-  S^^^  ^P  *^  to  P^'' 
cent,  gold),  and  I  have  found  them  both  to  remove  the  gold 
with  a  sharpness  and  completeness  that  is  a  great  relief,  after 
trying  the  other  methods  in  use. 

I  find,  however,  that  with  Prof,  de  Wilde's  method  it  is  nec- 
essary to  let  the  solution  stand  at  least  twelve  hours  before 
filtering,  otherwise  all  the  gold  may  not  be  precipitated.  In 
fact,  in  some  cases  not  the  slightest  trace  of  a  precipitate  will 
form  for  several  hours,  the  liquor  remaining  clear  as  crystal. 
At  last,  however,  it  never  fails  to  come  down.  Gently  heating 
the  solution  hastens  the  reaction  ;  cold  retards  it.  At  the  ordi- 
nary temperature  of  the  air  (60°  F.)  heating  is  not  necessary 
for  the  completion  of  the  reaction,  but  more  time  must  be  then 
allowed.  It  is  best,  however,  to  allow  the  filtrate  to  stand  for 
severtil  hours,  another  twelve  hours  if  possible,  to  be  sure  that 
no  further  precipitate  comes  down.  This  is  where  my  method 
has  the  advantage ;  being  formed  in  concentrated  solutions,  my 
cuprous  salt  is  already  reduced  and  the  precipitate  forms  sooner. 
I  think  the  reason  for  the  delay  in  his  method  is  the  greater 
dilution  of  the  copper  salt  and  the  sulphurous  acid,  which  re- 
tards the  formation  of  the  cuprous  salt. 
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I  feel  sure  that  this  method  in  either  of  its  forms  will  prove 
a  valuable  addition  to  our  present  means  ot  recovering  gold 
from  cyanide-solutions. 

But  before  the  advantages  of  this  method  can  be  duly  appre- 
ciated, it  will  be  necessary  to  briefly  consider  the  methods  for 
precipitating  gold  at  present  in  use.  There  are  oidy  two  which 
have  made  any  headway  on  a  working-scale,  namely,  the  use 
of  zinc-shavings,  as  recommended  by  the  MacArthur-Forrest 
people,  and  the  use  of  electricity,  as  in  the  Siemen  and  Halske 
process.     I  shall  consider  them  in  inverse  order. 

6.   The  Use  of  Electricity  for  Precipitating  Gold  from 
Cyanide  Solutions. 

The  use  of  electricity  for  depositing  gold  and  silver  for  elec- 
troplating has  been  practiced  successfully  for  so  many  years 
that  it  would  seem  that  this  method  would  also  be  a  simple, 
expeditious  and  practical  method  of  precipitating  gold  from  the 
cyanide-solutions  obtained  by  leaching  gold-ores.  But  a  little 
reflection  will  make  it  clear  why  so  many  processes  for  this 
purpose  which  have  been  patented  have  never  been  heard  of 
since. 

In  electroplating,  it  is  possible  and  practicable  to  use :  1, 
soluble  gold  anodes,  by  which  the  counter-electromotive  force 
of  the  precipitated  metal  is  entirely  neutralized ;  2,  concentrated 
solutions  of  the  double  cyanide  of  gold  and  potassium,  so  that 
the  specific  resistance  of  the  solution  is  low;  3,  an  electrolyte 
of  constant  composition,  whereby  the  proper  working-conditions 
may  be  constantly  maintained  after  they  have  once  been  reached. 

None  of  these  conditions  can  be  secured  in  precipitating  the 
gold  from  a  cyanide  ore-extraction  solution. 

It  is  true  that  in  the  Siemens  and  Halske  method  a  soluble 
anode  of  iron  plate  is  used ;  but  all  the  cyanogen  that  combines 
with  the  iron  is  lost,  ferrous  cyanide  and  finally  Prussian-blue 
being  formed  to  no  useful  purpose.  The  principal  difiiculty, 
however,  is  one  that  cannot  be  obviated,  viz.,  the  high  specific 
resistance  of  the  dilute  solutions  that  must  be  used.  With 
solutions  always  containing  less  than  1  per  cent.,  and  sometimes 
less  than  0.05  per  cent.,  of  free  cyanide,  and  perhaps  0.001  per 
cent,  of  gold,  or  less,  the  resistances  are  something  enormous, 
and  with  any  other  metal  than  gold  no  one  would  think  of  pre- 
voi,.  XXVI. — 49 
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cipitating  such  a  solution  with  electricity.  The  high  specific 
resistance  of  the  solution  may  be  met  by  using  an  increased 
surface  of  anode  and  cathode  and  by  artificial  circulation,  but 
this  can  only  be  done  at  an  outlay  and  with  a  comj^lication 
which  robs  the  method  of  its  cheapness,  simplicity  and  con- 
venience.* It  is  true  that  electrolytic  methods  of  precipitation 
are  used  in  the  analytical  laboratory  as  convenient  methods  of 
analysis.  But  a  long  experience  with  these  methods  on  the 
small  scale  has  convinced  me  of  the  great  difficulties  which  will 
always  stand  in  the  way  of  their  application  on  the  large  scale. 
It  is  one  thing  to  electroplate  an  article  with  gold  in  a  strong 
solution  of  aurocyanide  of  potassium  with  a  gold  anode  which 
constantly  adds  as  much  gold  to  a  solution  as  is  precipitated,  and 
it  is  quite  another  to  precipitate  all  the  gold  from  a  solution 
with  an  insoluble,  or  even  an  iron,  anode  when  the  solution 
contains  perhaps  0.05  per  cent,  of  cyanide  of  potassium  and 
perhaps  0.001  per  cent,  of  gold.  Here  the  problem  is  to  re- 
duce the  gold-content  to  0.00001  per  cent,  (or  from  §6  to  6 
cents  per  ton  solution).  Any  one  who  has  attempted  this  re- 
covery (which  is  99  per  cent,  of  the  gold  contained  in  solution), 
without  at  the  same  time  destroying  most  of  the  c^-anide  present, 
will  ag-ree  with  me  that  it  is  no  easv  task. 

There  is  another  difficulty  that  I  have  met  with.  Under  cer- 
tain circumstances  the  gold  is  precipitated  not  only  on  the 
cathode,  but  also  on  the  anode ;  and,  in  addition,  in  many 
cases  of  the  treatment  of  the  solutions  produced  from  ores  a 
precipitate  settles  out  from  the  electrolyte  which  also  contains 
gold.  The  reason  for  the  first  difficulty  seems  to  be  that  when 
the  current  decomposes  the  salt  KAuCy.,,  it  decomposes  it  not 
into  K,Au  -f  2Cy,  but  the  K  alone  goes  to  the  cathode,  while 
the  acid  radical,  AuCy,,  goes  to  the  anode.  The  deposition  of 
gold  which  appears  on  the  cathode  is  due  to  the  metallic  potas- 
sium attacking  and  reducing  gold  as  a  secondary  reaction  from 
the  solution  there  adjacent.  Great  density  of  current  and  long 
treatment  will  finallv  throw  out  all  the  eold  on  the  cathode,  but 


I 


*  Since  writing  the  above  ray  attention  has  been  called  to  a  corroboration  of 
these  views  in  an  article  entitled  :  "  Zinc  vs.  Electricity,"  by  Mr.  John  Yates, 
SoiUh  Africnn  Mining  Jmnnal,  September  26  and  October  3,  1896.  In  tiiis  arti- 
cle an  interesting  comparison  of  these  two  methods  of  precipitation  is  given. 
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there  is  enough  force  in  this  tendency  to  greatly  retard  the 
electro-deposition  of  the  gold.* 

I  have  been  able,  by  acidifying  the  solution  with  dilute  sul- 
phuric acid,  to  get  fairly  complete  precipitation  in  a  reasonable 
time,  say  12  to  24  hours,  on  a  small  scale,  both  with  insolul)le 
anodes  (carbon,  platinum  or  lead)  and  with  soluble  ones  (zinc, 
iron  or  copper).  Of  course,  in  this  case  the  cyanide  is  destroyed, 
unless  special  steps  are  taken  to  recover  it.  The  precipitation 
is  much  more  rapid  and  complete  from  these  dilute  gold-solu- 
tions when  the  reaction  is  acid  than  when  it  is  alkaline  or 
neutral. 

The  difficulties  which  I  have  pointed  out  in  the  electrolytic 
method  may  be  met  by  great  technical  skill,  as  has  been  the 
case  in  the  Siemens  and  Halske  process,  and  in  that  way, 
when  they  are  reduced  to  a  minimum,  the  method  may  be 
crowned  with  success.  But  in  the  absence  of  such  skill  it  is 
bound  to  be  a  failure,  and  the  difficulties  are  of  such  a  serious 
and  fundamental  nature  as  to  lead  to  the  desire  for  another  and 
simpler  plan. 

7.    The  Precipitation  of  Gold  from  Cyanide  Solutions  by  Ifeans  of 

31etallic  Zinc. 

The  precipitation  of  gold  from  cyanide-solutions  by  means  of 
zinc-shavings  has  been  more  generally  used  on  the  large  scale 
than  any  other.  It  appears  on  the  face  of  it  the  simplest  method 
that  could  be  devised,  and  in  proper  hands  and  under  intelli- 
gent supervision  it  has  given,  on  the  whole,  better  results  than 
any  other  method  in  general  use.  Nevertheless,  those  who  have 
used  it  most  are  the  most  anxious  to  tind  some  other  method. 

Some  of  the  principal  objections  urged  against  it  are  the  fol- 
lowing : 

*  A  similar  state  of  affairs  has  been  shown  to  be  the  case  by  Professor  Hittorf 
(Ostwald's  Chemijiche  Energie,  2te  Auf.,  ii.,  880)  in  the  electro-deposition  of  potas- 
sium-silver cyanide.  I  have  also  noticed  a  similar  state  of  affairs  with  copper. 
When  a  solution  of  potassium  cuprous  cyanide  is  electrolyzed  witli  a  platinum  anode 
at  a  voltage  below  that  at  which  metallic  copper  is  deposited  on  the  cathode,  yellow- 
ish-brown crusts  of  cupric  cyanide  separate  out  on  the  anode.  These  dissolve  in 
the  electrolyte  when  stirred.  Fragments  of  the  crusts  that  drop  from  the  anode 
on  the  cathode  are  reduced  to  metallic  copper.  At  a  higher  voltage  metallic  cop- 
per comes  down  on  the  cathode  from  the  solution  generally.  I  have  also  noticed 
a  similar  thing  in  electrolyzing  potassium  aurocyanide  with  platinum  electrodes. 
In  order  to  see  this  action  clearly  it  is  necessary  to  avoid  an  excess  of  free  KCy. 
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1.  The  great  consumption  of  zinc  compared  with  the  amount 
of  gold  precipitated. 

2.  The  great  destruction  of  potassium  cyanide  to  no  useful 
purpose. 

3.  The  great  difficulty  of  removing  zinc  and  cyanogen  resi- 
dues from  the  gold,  thus  causing  loss  in  melting  and  the  pro- 
duction of  an  unclean  bullion. 

4.  The  failure,  in  certain  cases,  to  precipitate  the  gold. 

I  do  not  need  to  dwell  on  the  first  three  of  these  difiSculties. 
They  have  been  sufficiently  emphasized  by  every  one  who  has 
described  the  practical  application  of  the  cyanide  process ;  but 
the  incomplete  precipitation  of  the  gold  has  not  been  suffi- 
ciently recognized. 

One  reason  for  this  appears  to  be  that  the  reaction  which 
takes  place  when  gold  is  precipitated  from  the  potassium-auro- 
cyanide  is  not  as  simple  as  it  is  generally  supposed  to  be.  Thus 
Dr.  Scheidell,  in  the  Bulletin  of  the  California  State  Mining 
Bureau,  on  the  "  Cyanide  Process,"  1894,  p.  34,  states  the  usu- 
ally accepted  view.     He  says : 

"  The  action  of  zinc  on  gold-solution  is  theoretically  very  simple,  a  simple  sub- 
stitution of  the  gold  by  the  zinc  according  to  the  equation  : 

2AuKCy2  +  Zn  =  K^ZnCy,  +  2Au. " 

This  reaction  had  also  been  given  in  almost  the  same  words 
by  Butters  and  Clennell  {Eng.  and  3Iin.  Journal,  Oct.  29,  1892). 
Wilson  ("  Cyanide  Process,"  p.  34)  and  Rose  ("  Metallurgy  of 
Gold,"  p.  323)  adopt  the  same  reaction. 

My  attention  was  first  called  to  this  subject  by  a  remark  of 
Mr.  W.  R.  Feldtmann  {Eng.  and  Min.  Journal,  August  11,  1894), 
who,  speaking  of  the  precipitation  of  gold  by  zinc,  says : 

' '  Its  completeness  appears  to  depend,  in  a  measure,  on  a  slight  excess  of  cyanide 
of  potassium  being  present  in  the  solution." 

The  same  fact  was  recognized  b}-  one  of  my  students,  Mr. 
B.  E.  Janes,  when  acting  as  assayer  at  the  Mercur  Mine,  Utah 
{3Hmng  and  Scientific  Press,  May  23,  1896). 

This  led  me  to  investigate  the  reaction  which  occurs.  I  had 
prepared  a  solution  of  potassium  aurocyanide  with  about  1.3 
per  cent,  metallic  gold  and  no  free  cyanide.  A  solution  made 
from  this  by  dilution,  so  as  to  contain  0.1  per  cent.,  or  $603 
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per  ton,  gold,  was  then  treated  with  strips  of  sheet  zinc  for 
twenty-four  hours.  The  strips  were  carefully  burnished  with 
emery-paper,  or  with  a  sharp  knife,  to  avoid  any  film  being  left 
on  the  surface  of  the  zinc.  Commercial  sheet-zinc  was  used  as 
is  done  in  practice.  The  solution  was  contained  in  glass  tubes 
sometimes  at  rest,  sometimes  rotated  mechanically  for  the 
whole  period  of  twenty-four  hours. 

In  no  case  was  more  than  a  trace  of  gold  precipitated.  In 
many  cases,  where  the  zinc  was  brightly  burnished,  not  a  trace 
of  gold  came  down,  and  the  strips  weighed  exactly  the  same 
to  a  hundredth  of  a  milligramme  before  and  after  the  test,  and 
when  dissolved  in  sulphuric  acid  left  no  trace  of  gold. 

These  experiments  throw  light  on  the  statements  often  made 
that  it  has  been  possible  to  extract  the  gold  from  the  ore  but 
not  from  the  solution.  A  person  trusting  to  the  above-described 
reaction,  might  easily  throw  away  such  a  solution  after  twenty- 
four  hours'  contact  with  bright  metallic  zinc,  even  though  it 
contained  $603  per  ton. 

The  next  experiments  were  made  with  lathe-turnings  from 
the  same  sheet^zinc  which,  in  the  polished  state,  had  failed  to 
precipitate  gold.  With  potassium-aurocyanide  containing  0.1 
per  cent.,  or  $603,  gold  per  ton,  which  had  failed  to  precipitate 
at  all  on  the  bright  sheet-zinc,  the  gold  was  entirely  precipi- 
tated from  the  solution  in  twenty-four  hours  by  filtering  it 
through  a  very  large  excess  of  zinc-shavings  (over  four  hundred 
times  the  weight  of  the  gold  present).  The  filtrations  were 
repeated  through  the .  same  shavings  four  times. 

When  the  solution  contained  only  $10-worth  of  gold  per  ton, 
the  precipitation  was  only  82  per  cent,  of  the  gold  in  solution 
in  a  single  filtration  which  lasted  twenty-four  hours.  In  each 
case  the  solution  was  allowed  to  remain  in  contact  with  zinc- 
shavings,  four  hundred  times  the  weight  of  the  gold  in  solu- 
tion, until  a  color  of  gold  appeared  on  the  shavings;  then  the 
solution  was  allowed  to  flow  from  the  filter  drop  by  drop,  the 
shavings  being  continuously  submerged.  The  conditions  were, 
therefore,  much  more  favorable  for  complete  precipitation  than 
could  be  maintained  in  practice. 

These  diftering  results  are  very  difificult  to  explain  on  the 
simple  substitution-reaction  usually  accepted.  If  the  gold  pre- 
cipitates on  the  shavings,  why  should  it  not  do  so  on  the  same 
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sheet  of  burnished  zinc  from  which  the  shavings  were  made  ? 
There  is  a  larger  surface  of  contact,  it  may  be  suggested.  But 
even  the  smallest  fragment  of  a  zinc-shaving  will  precipitate 
gold  on  itself,  while,  in  the  same  solution  the  freshly-scraped 
surface  of  sheet-zinc,  many  times  its  area,  is  either  entirely  or 
practically  without  action.  It  may  be  thought  that  the  turn- 
ings had  a  cleaner  surface  than  the  scraped  zinc,  but  this  cause 
was  carefully  eliminated. 

All  the  indications  point  to  the  phenomena  of  "  polariza- 
tion," so  well  known  in  electrolytic  work,  where  the  formation 
of  invisible  traces  of  films  on  the  surface  of  the  electrodes  puts 
a  stop  to  further  action,  either  by  preventing  contact,  or  by  set- 
ting up  an  opposite  electromotive  force. 

I  have  not  had  time  to  establish  firmly  the  following  explana- 
tion of  the  phenomena  which  I  have  observed,  but  there  seems 
some  e\ddence  in  its  favor. 

There  is  no  doubt  that,  besides  the  tendency  of  the  potassium- 
aurocyanide  to  split  up  into  KCy  and  Au  and  Cy,  which  is  as- 
sumed in  the  reaction  by  substitution,  there  is  also  a  tendency 
for  it  to  split  along  another  line,  viz.,  into  K  and  AuCyj,  the 
latter  playing  the  part  of  an  acid-radical.  'Now,  if  this  takes 
place  in  the  presence  of  zinc  and  water,  the  water  will  be  at- 
tacked by  the  potassium,  forming  caustic  potash  and  hydro- 
gen, and  the  AuCy^  will  be  attacked  by  the  zinc,  forming  zinc- 
cyanide  and  metallic  gold,  according  to  the  following  reaction ; 

2KAuCy2  -f  2Zn  +  2H2O  =  2ZnCy2  +  2KH0  4-  2H  -|-2Au. 

There  is  no  doubt  that  a  certain  tendency  to  form  this  re- 
action exists,  for  electrolysis  proves  it.  It  can  only  take  place 
here  by  setting  up  a  condition  of  polarization  on  the  surface  of 
the  zinc,  owing  to  the  film  of  occluded  hydrogen  set  free  on  its 
surface.  If  this  be  so,  it  is  now  very  clear  why  the  zinc  turn- 
ings act,  while  the  smooth  zinc  does  not.  The  turnings  have 
an  infinite  number  of  ragged  edges,  which  favor  the  escape  of 
the  hydrogen  gas,  and  the  relief  of  the  condition  of  polariza- 
tion, and  thus  allow  the  reaction  to  proceed.  The  hard,  smooth 
surface  of  the  rolled  sheet-zinc  is  very  unfavorable  to  the  forma- 
tion of  gas-bubbles  from  its  surface,  and  hence  to  the  continua- 
tion of  the  reaction. 
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Of  course,  when  the  reaction  once  sets  in  as  above,  there  is  a 
further  reaction  between  the  caustic  potash  and  the  zinc  cya- 
nide, by  which  a  part  of  the  hitter  is  dissolved,  and  potassium 
zinc  cyanide  and  potassium  zincate  formed.     Thus: 

2ZnCy2  +  4KH0  =  ZnCyi,,2KCy  +  ZnK^O^  +  2H2  O, 

as  already  pointed  out  by  Mr.  J.  S.  C.  Wells  in  a  valuable 
paper  {Eng.  and  3Iin.  Journal,  December  21,  1895).  The  com- 
plete reaction  would  then  be  : 

4KAuCy2  -f  4Zn  +  211^0  =  2ZnCy2  -f-  ZnCy2,2B'Cy  + 
ZnK^O^  +  4H  +  4Au. 

The  turning-point  would  seem  to  be,  is  hydrogen  formed  as 
these  reactions  require,  or  is  it  absent,  as  called  for  by  the  sub- 
stitution-reaction ?  ISTumerous  experiments  have  always  shown 
that  by  the  action  of  a  solution  of  potassium  aurocyanide  con- 
taining only  50  mgs.  of  gold  and  zinc-turnings,  hydrogen  gas 
is  set  free  in  sufficient  quantity  to  give  a  well-defined  flame  (4 
or  5  c.c).  The  hydrogen  does  not  form  in  noticeable  quantity 
at  first;  but  as  the  gold  begins  to  come  down,  on  shaking  the 
zinc-turnings,  fine  bubbles  of  gas  escape,  and  may  be  easily  col- 
lected in  quantity.  It  may  be  objected  that  the  replacement- 
reaction  took  place,  and  that  the  hydrogen  was  evolved  l)y  the 
subsequent  reaction  of  the  2KCy,ZnCy2  on  the  zinc.  Experi- 
ment shows  that  the  double  cyanide  of  zinc  and  potassium  acts 
very  slightly  on  zinc-shavings,  but  that  when  the  latter  have 
been  partly  plated  with  gold,  hydrogen  is  then  set  free.  So 
that  the  presence  of  hydrogen  at  the  end  of  the  reaction  may 
be  due  to  this  cause,  at  least  in  part.  It  is  also  probable  that 
the  KCy  is,  to  a  certain  extent,  dissociated  (KHO  and  HCy 
being  formed).  It  seems  likely  that  the  nascent  hydrogen  will 
be  partly  absorbed  by  the  HCy  with  the  formation  of  methy- 
lamine,  thus : 

HCN  +  411  =  CH3NH,. 

Another  curious  fact  remains  to  be  recorded.  When  zinc- 
turnings  are  placed  in  distilled  water  containing  a  drop  of 
phenolpthalein  no  coloration  takes  place.  When  pheiiolptha- 
lein  is  added  to  pure  potassium-aurocyanide,  no  coloration  takes 
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place.  This  shows  the  aurocyanide  to  be  but  little  dissociated. 
When  the  latter  solution  is  poured  upon  the  former,  at  first  no 
change  occurs ;  but  as  the  gold  begins  to  separate  upon  the 
zinc,  a  deep  purple  stain  surrounds  the  zinc-turnings  where  the 
gold  has  separated  out,  showing  that  the  reaction  has  become 
alkaline.  Whether  this  is  due  to  the  formation  of  caustic 
potash,  methylamine,  or  the  double  cyanide  of  zinc  and  potas- 
sium, I  have  not  demonstrated  with  certainty.  The  fact,  how- 
ever, that  zinc  cyanide  seems  to  separate  out  early  in  the 
reaction  indicates  the  explanation  I  have  suggested. 

Yet  another  point  remains  to  be  mentioned.  When  to  a  solu- 
tion of  potassium-aurocyanide  which  has  been  left  for  twenty- 
four  hours  in  contact  with  zinc-strips,  without  action,  a  little 
free  cyanide  of  potassium  is  added,  the  gold  comes  down  at 
once,  and  the  precipitation  is  soon  complete.  This  fact  seems 
an  additional  confirmation  of  the  reaction  that  I  have  sug- 
gested. It  will  be  remembered  that  the  formation  of  the  in- 
soluble cyanide  of  zinc  is  a  feature  of  this  reaction.  If  this 
occurs,  it  is  certain  that  a  film  of  this  substance,  perhaps  in- 
finitely thin,  must  cover  the  surface  of  the  zinc,  and,  in  addi- 
tion to  the  film  of  hydrogen,  prevents  the  contact  necessar}^  to 
continue  the  reaction.  The  presence  of  free  cyanide  of  potas- 
sium, of  course,  readily  dissolves  this  film,  and  the  reaction  is 
free  to  continue. 

The  reaction  which  actually  takes  place  in  precipitating  gold 
from  solutions  containing  free  cyanide  of  potassium  will  then 
be  something  like  this  : 

2KAuCy,  +  3Zn  +  4E:Cy  +  2H,,0  =  2Au  +  2(ZnCy,.2KCy)  + 

ZnXp^  +  411. 

It  will  be  remembered  that  according  to  the  substitution-re- 
action, one  atom  of  zinc  replaces  two  atoms  of  gold,  or  1  ounce 
of  zinc  should  precipitate  6.2  ounces  of  gold;  whei'eas,  as 
every  one  knows  in  practice,  1  ounce  of  zinc  will  precipitate 
only  from  -^  to  J3-  of  an  ounce  of  gold,  or  thirty  to  ninety  times 
less  than  the  amount  called  for  by  the  reaction  by  substitution. 
According  to  the  reactions  I  have  suggested,  in  the  absence  of 
free  cyanide  of  potassium  and  caustic  potash,  1  ounce  of  zinc 
should  precipitate  3.1  ounces  of  gold.  In  the  presence  of  a 
moderate  excess  of  cyanide  of  potassium  it  should  precipitate 
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2.06  ounces.  The  apparent  discrepancy  tliat  seems  still  to  re- 
main between  theory  and  practice  is  in  reality  due  to  the  facts  : 
first,  that  the  free  alkali  (potash  in  particular,  formed  in  the 
solution  of  the  gold,  or  added  to  neutralize  the  free  acid  in  the 
ore)  also  dissolves  the  zinc  as  potassium  zincate  ;  second,  that 
an  excess  of  potassium  cyanide  dissolves  the  zinc  on  its  own 
account,  both  as  the  double  cyanide  and  as  the  zincate  of 
potassium  ;  third,  it  should  also  be  remembered  that  water  con- 
taining dissolved  oxygen  attacks  metallic  zinc  quite  vigorously, 
forming  hydrate  of  zinc. 

I  do  not  consider  the  reactions  which  I  have  suggested  as 
demonstrated.  I  have  considerable  work  outlined  on  this  sub- 
ject which  is  not  yet  finished,  and  the  opinions  here  expressed 
are  provisional.  It  is  not  improbable  that  the  reaction  by  re- 
placement, and  the  more  complicated  one  that  I  have  suggested 
may  both  take  place  under  certain  conditions  of  concentration 
and  temperature,  which  are  not  yet  understood.  It  is  also  pos- 
sible that  the  nature  of  the  reaction  changes  after  the  first  de- 
position of  gold.* 

*  Mr.  Alfred  James,  in  a  valuable  paper  on  the  "Cyanide  Practice,"  read 
before  the  Institution  of  Mining  and  Metallurgy,  London,  England,  May  2o, 
189o,  calls  attention  to  the  inadequacy  of  the  substitution  reaction  in  explaining 
the  precipitation  of  gold  in  the  zinc-boxes.  He  doubts  the  action  of  KCy  on  the 
zinc,  at  least  to  any  appreciable  extent,  and  calls  attention  to  the  fact  that  KHO 
is  always  present  in  the  solution,  as  per  Eisner's  reaction  : 

2Au  +  4KCy  +  H^  +  O  =  2KAuCy2  +  2KH0. 

He  then  suggests  the  following  reactions  in  explanation  of  the  precipitation  of 
gold  in  the  zinc-boxes  : 

(a)  Zn  +  2KH0  =  K,ZnOa  +  2H. 

"Then,  as  Feldtmann  has  pointed  out,  the  nascent  hydrogen  reduces  the  gold  :" 

(b)  2KAuCy.,  +  2H  =  2KCy  +  2HCy  +  2Au. 
Then  he  adds  that  a  subsequent  reaction  takes  place  as  follows  : 

(c)  2KCy  -f  2HCy  -f  K^ZnO^  =  ZnK^Cy,  -f  2KH0. 

When  we  come  to  study  these  reactions,  however,  it  must  be  evident  that  we  may 
combine  reactions  (a),  i  b)  and  (c)  together  into  one  reaction,  for  they  are  in  re- 
ality simultaneous.     We  have  then  : 

{d)  2KAuCyj  +  Zn  +  2KH0  =  2Au  +  ZnK^Cy^  +  2KH0. 

It  must  be  further  evident  that  the  2KH0  remains  unaltered  throughout  the 
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However  the  theory  of  this  subject  may  finally  turn  out, 
and  even  granting  that,  given  indefinite  time  and  zinc-shav- 
ings, it  may  be  possible  to  remove  all  the  gold  from  an  auro- 
cyanide-solution  in  the  absence  of  free  cyanide  of  potassium,  it 
is  still  practically  true  that  it  is  impossible  to  remove  all  the 
gold  from  a  cyanide-solution  in  a  reasonable  time,  say  twenty- 
four  hours.,  unless  there  is  an  excess  of  about  -jlg-  or  ^  of  1  per 
cent,  of  free  cyanide  of  potassium.  This  is  all  the  more  neces- 
sary in  large-scale  work,  as  fine  ore-silt  and  the  oxidizing  effect 
of  dissolved  oxygen  nearly  always  leave  the  shavings  in  the 
zinc-boxes  more  or  less  coated  with  films,  which  increase  the 
difliculty  of  an  intimate  contact  of  the  solution  with  metallic 
zinc. 

8.  Recovery  of  Cyanide  of  Potassium  from  Strong  Solutions  by 
Zinc  Sulphate. 

As  objection  will  be  made  to  the  cuprous  method  of  gold 
precipitation  when  strong  solutions  of  potassium  cyanide  must 
be  used,  it  is  necessary  to  consider  the  recovery  of  the  cyanide 
from  such  solutions  previous  to  the  precipitation  of  the  gold. 

A  careful  study  of  the  ferrous  sulphate  method  of  recovering 
the  cyanide  from  strong  solutions,  previous  to  the  recovery  of 
the  gold,  by  means  of  copper  solutions,  as  suggested  by  Prof, 
de  "Wilde,  has  led  me  to  regard  it  as  entirely  impracticable  in 
most  cases  that  occur  in  practice.  I  have  therefore  sought 
another  method  besides  the  one  already  set  forth  (by  means  of 
sulphuric  acid  and  aeration).  This  I  have  found  in  the  use  of 
sulphate  of  zinc.  I  find,  however,  that  an  American  patent 
had  been  already  granted,  October  15,  1895,  to  Bertram  Hunt, 
of  Wickenburg,  Ariz.,  for  such  a  method  of  recovery.  Accord- 
ing to  the  patent-claims,  he 

"Precipitates  the  cyanide  in  the  waste  or  spent  liquor  by  adding  a  solution  of 
sulphate  of  zinc  containing  some  free  sulphuric  acid,  whereby  a  cyanide  precipi- 

reaction,  and  we  may,  therefore,  subtract  it  from  both  members  of  equation  (d). 
"When  we  do  this,  we  have  : 

(e)  2KAuCy,  +  Zn  =  2Au  +  ZnK2Cy4. 

In  short,  it  appears  that  the  explanation  of  Mr.  James  brings  us  back  to  the 
old  substitution  reaction  which  lie  started  out  to  avoid.  His  reactions  also  fail  to 
explain  the  increase  of  free  alkali  which  every  one  recognizes  as  taking  place  in 
the  zinc-boxes. 
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tate  is  obtained  ;  then  drawing  off  the  supernatant  liquor  ;  then  mixing  with  the 
said  precipitate  a  quantity  of  sulphuric  acid  more  than  sufficient  to  decompose 
the  cyanide  of  zinc  contained  in  said  precipitate,  then  subjecting  the  mixture  to 
a  distilling  operation." 

The  followinoj  statements  are  founded  on  my  experiments 
made  with  a  solution  containing  1  per  cent,  of  free  KCy  and 
0.1  per  cent.,  or  $603,  gold  per  ton.  When  a  chemical  excess 
of  sulphate  of  zinc  is  added  to  such  a  cyanide  of  potassium 
solution,  a  white  precipitate  of  cyanide  of  zinc  forms,  which 
readily  settles,  and  may  be  decanted  or  filtered.  [If  alkaline 
sulphides  are  present,  they  may  be  first  removed  by  treating 
the  solution  by  means  of  lead  sulphate.]  If  less  than  an  excess 
of  zinc  sulphate  is  added,  the  precipitate  separates  very  imper- 
fectl}^  from  the  solution,  and  is  dilRcult  either  to  decant  or  filter. 
When  the  zinc  sulphate  contains  a  little  free  sulphuric  acid, 
very  little  gold  comes  down  with  the  zinc  cyanide,  and  when 
an  excess  of  the  zinc  sulphate  is  used,  the  precipitate  separates 
in  a  manner  leaving  very  little  to  be  desired. 

When  the  cyanide  of  zinc  is  acidified  with  sulphuric  acid,  and 
treated  either,  as  I  have  already  described,  by  pumping  air 
through  it,  or  by  distilling  it,  the  cyanhydric  acid  may  be  very 
completely  recovered  by  collecting  it  with  caustic  potash.  The 
latter  may  be  entirely  saturated  without  loss  by  using  two  ves- 
sels for  condensation,  the  first  receiving  the  saturated  and  the 
second  a  weaker  solution. 

A  certain  amount  of  gold  will  usually  be  found  in  the  zinc 
sulphate-solution  (as  HAuCyg).  After  crystallizing  out  the  zinc 
sulphate  to  be  used  over  again,  the  gold  may  be  recovered  from 
the  mother-liquor  by  precipitation  with  sulphurous  acid  and 
copper  sulphate,  as  before  described.  The  amount  of  gold  that 
comes  down  at  this  point  seems  to  depend  on  the  amount  of 
free  acid  contained  in  the  zinc  sulphate.  Sometimes  only  traces 
come  down ;  sometimes  nearly  half  of  that  originally  present 
in  solution. 

From  the  filtrate  from  the  zinc  cyanide  precipitate  the  gold 
may  be  recovered  by  sulphurous  acid  and  copper  sulphate,  or 
cuprous  chloride  direct,  as  already  described. 

This  method  of  treating  stronger  solutions,  such  as  1  per 
cent.,  as  would  be  used  in  treating  rich  gold-ores,  leaves  very 
little  to  be  desired,  working  on  a  laboratory-scale.     It  is  in 
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every  way  superior  to  that  described  by  Prof,  de  Wilde,  with 
sulphate  of  iron.  Still,  it  may  be  questioned  whether  such  a 
method  could  be  carried  out  in  a  mining  camp.  There  is  one 
serious  difficulty  that  it  would  meet.  When  the  ore-solution 
contains  ferrocyanide  of  potassium,  as  it  is  likely  to  do,  a  ferro- 
cyanide  of  zinc  forms,  which  is  of  the  consistency  of  white  lard. 
This  substance  is  hard  to  settle,  and  practically  impossible  to 
filter.  It  is  insoluble  in  acids,  but  easily  soluble  in  alkalies  or 
potassium  cyanide.  In  the  presence  of  this  substance,  the  sim- 
ple acidification  of  the  solution,  followed  by  the  removal  of  the 
HCy,  by  circulating  air  through  it  and  condensing  in  caustic 
potash,  would  probably  be  a  more  successful  method  of  recover- 
ing the  cyanide. 

9.  Precipitation  of  Aurous  Cyanide  by  3Ieans  of  Zinc  Chloride. 
An  American  patent  has  been  taken  out  on  this  method  by 
Frederick  Kinder,  June  18,  1895.     In  this  method  : 

"The  solution  containing  gold  and  silver  in  solution  is  first  treated  by  iron 
sulphide,  whereby  the  silver  is  removed  as  a  sulphide  ;  chloride  of  zinc  is  tlien 
added  to  the  filtrate,  whereby  the  gold  is  precipitated  as  a  double  cyanide  of  zinc 
and  gold." 

I  have  also  investigated  this  method.  WTien  chloride  of 
zinc  was  made  by  boiling  an  excess  of  metallic  zinc  in  hy- 
drochloric acid  till  the  action  ceased,  and  this  was  added  to  a 
solution  of  potassium  aurocyanide,  nothing  more  than  a  trace 
of  gold  was  precipitated.  But  when  the  chloride  was  formed 
by  treating  oxide  of  zinc  with  hydrochloric  acid,  the  former  in 
excess,  so  that  one  had  in  reality  to  do  with  a  solution  of  oxy- 
chloride  of  zinc,  99.37  per  cent,  of  the  gold  present  was  pre- 
cipitated. It  should  be  mentioned  that  both  solutions  of 
chloride  of  zinc  had  a  slightly  acid  reaction  to  litmus-paper. 

As,  however,  an  excess  of  either  acid  or  alkali  dissolves  the 
gold  precipitate,  this  method  must  remain  inferior  to  the  method 
of  precipitation  as  cuprous  aurocyanide ;  for  this  precipitate 
seems  almost  absolutely  insoluble  in  dilute  sulphuric  acid.  The 
latter,  therefore,  possesses  a  sharpness  and  completeness  that 
the  zinc-method  can  never  have. 

10.   The  Advantages  of  Precipitating  the  Gold  by  Means  of  Cuprous 

Salts. 
It  must  be  evident  to  those  who  have  followed  the  progressive 
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development   of  the    cyaniae-process  that,   as   the  method  is 
better  uiulerstood,  the  constant  tendency  is  towards  the  use  ot 
more  and  more  dihite  cyanide-solutions.     While  in  the  begin- 
nino-  a  solution  of  1  per  cent,  was  used,  this  was  first  reduced 
to  o'iie-half,  then  one-quarter,  and  finally  to  one-tenth,  and  even 
one-twentieth  of  1  per  cent.     As  the  action  of  the  so-called 
«  cyanicides  "  contained  in  the  ore  is  better  understood  and  pre- 
vented, it  seems  not  unlikely  that  the  strength  of  the  solution 
in  potassium  cyanide  may  be  reduced  to  one  one-hundredth  of  1 
per  cent,  or  even  lower.     It  should  be  remembered  that  much 
of  the  material  treated  by  this  process  does  not  assay  over  $3 
per  ton,  or  only  half  of  one  one-thousandth  of  1  per  cent.  gold. 
So  that  a  ton  of  solution  of  0.01  per  cent,  potassium  cyamde 
solution  contains  30  times  as  much  cyanide  as  is  needed  to  dis- 
solve $3  worth  of  gold  in  a  ton  of  ore. 

The  present  methods  of  precipitation,  the  electrical  and  the 
zinc-shavings  method,  both  find  in  these  dilute  solutions  their 
great  difficulty.  In  the  electrical  process  the  resistance  of  such 
Solutions  is  something  enormous.  In  the  case  of  the  zinc 
shavings  it  is  practically  impossible  to  precipitate  the  gold  from 
such  a  solution  unless  it  contains  one-  or  two-tenths  per  cent, 
free  cyanide  of  potassium.  This  fact  alone  prevents  the  cya- 
nide from  being  utilized  to  the  best  advantage. 

In  order  that  the  cyanide  should  be  utilized  to  the  full,  we 
should  form  the  maximum  of  KAuCy,  and  leave  a  minimum  of 
free  KCy  in  the  solution.  This,  as  has  been  pointed  out,  is 
fatal  to  the  precipitation  by  zinc-shavings.  But  it  is  just  here 
that  the  cuprous  method  of  precipitation  comes  into  play  most 

efficiently. 

In  the  treatment  of  such  solutions  with  a  bare  excess  of  po- 
tassium cyanide,  there  is  no  method  of  precipitation  yet  in- 
vented that  can  compete  with  it.  In  such  a  case  there  is  not 
enough  cyanide  of  potassium  in  the  solution  to  bother  about 

saving  it. 

The  method  of  procedure  would  then  be  as  follows :  The 
solution  would  be  made  slightly  acid  by  sulphuric  or  sulphurous 
acid,  as  might  be  most  convenient.  Then  there  would  be  added 
a  copper  sulphate  solution  with  common  salt,  which  had  been 
saturated  with  sulphurous  acid.  This  solution  should  be  added 
until  the  filtered  solution  gives  a  red  precipitate  with  potassium 
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ferrocyanide.  The  whole  solution  should  be  thoroughly  stirred 
before  this  end-point  is  determined.  A  neat  way  to  determine 
the  end-point  is  to  place  a  few  drops  of  the  stirred  mixture  on 
a  double  layer  of  fine  filter-paper.  On  removing  the  upper 
layer,  a  drop  of  ferrocyanide  of  potassium  will  give  a  red  pre- 
cipitate of  cuprous  ferrocyanide  on  the  wetted  spot  of  the  lower 
layer  when  the  end-point  is  reached.  This  method  avoids  the 
delay  of  filtering  the  solution  in  the  ordinary  way.  It  would, 
of  course,  be  best  to  determine  the  end-point  beforehand,  with 
a  liter  of  solution,  and  then  add  the  copper-salt  to  the  mass  of 
solution,  after  a  preliminary  calculation  as  to  how  much  is  re- 
quired. 

The  solution  should  be  allowed  to  stand  for  at  least  twelve 
hours,  when  it  should  be  filtered.  The  filtrate  should  stand 
another  twelve  hours  to  see  if  any  further  precipitate  forms ; 
or  it  may  be  filtered  first  through  CuS,  to  remove  any  suspended 
or  dissolved  gold,  and  then  through  old  scrap-iron  to  throw 
down  any  copper-contents. 

For  the  recovery  of  the  gold  from  the  cuprous  aurocyanide, 
Prof,  de  Wilde  suggests  three  methods  as  follows : 

"  First  method  :  Roasting  in  a  reverberatory  furnace.  One  obtains  thus  a  resi- 
due of  gold  and  of  oxide  of  copper  (CuO).  This  latter  is  then  dissolved  in  sul- 
phuric acid  diluted  to  20°  Pieaum^  (or  in  dilute  nitric  or  hydrochloric  acid),  and 
the  gold  remains  in  the  residue  as  pure  gold. 

"At  the  same  time  the  sulphate  of  copper  is  regenerated,  which  will  serve  to 
precipitate  the  gold  in  subsequent  operations,*  and  the  same  quantity  of  copper 
may  continue  to  serve.  Owing  to  the  sharpness  of  the  reactions,  the  loss  of  cop- 
per will  be  insignificant. 

"Second  method:  Solution  of  the  cuprous  cyanide  in  dilute  chlorhydric  or 
nitric  acid  ;  there  remains  a  residue  of  aurous  cyanide  which,  after  washing  and 
drying,  is  decomposed  by  heat  and  pure  gold  is  left  behind. 

"  Third  method  :  The  precipitate  is  heated  with  60°  Beaume  sulphuric  acid  in  a 
porcelain  or  iron  pot ;  it  is  entirely  decomposed,  leaving  a  residue  of  pure  spongy 
gold.  After  cooling  water  is  added,  the  precious  metal  is  washed  by  decantation, 
dried  and  melted.     The  copper  has  been  transformed  into  sulphate. 

"  The  first  method  appears  to  me  the  most  rational,  the  roasting  being  attempted 
once  or  twice  a  month  only.  It  is  an  inexpensive  operation,  and  the  sulphate  of 
copper  is  thus  regenerated." 

*  "The  sulphate  of  copper  thus  regenerated  should  be  crystallized  by  cooling 
the  solution,  and  the  crystals  drained  from  the  adherent  acid  mother-liquor.  A 
solution  of  sulphate  of  copper  containing  a  notable  quantity  of  sulphuric  acid  is 
not  adapted  to  the  precipitation  of  gold.  The  mother-liquors,  after  being 
strengthened  by  the  addition  of  sulphuric  acid,  serve  very  well  for  the  attack  of 
the  mixture  of  oxide  of  copper  and  gold." 
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In  this  matter  I  agree  with  Prof,  de  "Wilde.  After  being 
carefully  dried  the  conversion  of  the  cyanide  takes  place  very 
quietly  at  a  low  red  heat,  and  the  spongy,  porous,  black  residue 
readily  dissolves  in  the  sulphuric  acid,  leaving  the  gold  very 
clean.  Care  should  be  taken  not  to  alloy  the  gold  and  copper 
by  a  reducing  atmosphere  and  too  much  heat. 

A  fourth  method  would  be  to  dissolve  both  gold  and  copper 
cyanide  in  a  strong  KCy  solution,  and  precipitate  pure  gold  by 
the  dynamo.  With  less  than  2.5  volts  and  a  strong  solution  of 
KCy  this  is  possible,  the  copper  remaining  in  solution.*  This 
I  have  verified.  All  the  objections  to  electrolysis  apply,  except 
that  the  bulk  of  the  solution  would  be  small,  and  it  would  be 
concentrated. 

In  many  cases  it  would  probably  prove  more  advantageous 
for  the  reduction-works  to  ship  this  precipitate  without  attempt- 
ing to  reduce  it,  as  the  technical  skill  to  do  this  occasional  work 
is  hard  to  get  in  mining  camps. 

The  methods  here  outlined  will  certainly  fail  in  the  hands  of 
those  without  chemical  knowledge  and  engineering  skill,  and 
many  unforeseen  difficulties  will  probably  have  to  be  overcome 
before  they  can  be  utilized  in  practice.  Nevertheless,  I  feel 
very  confident  that  in  some  of  the  methods  here  outlined  for 
the  precipitation  of  gold  by  means  of  cuprous  salts  will  be 
found  the  missing  link  in  the  chain  of  operations  necessary  to 
utilize  the  extremely  dilute  solutions  of  cyanide  of  potassium, 
which  have  been  found  effective  in  extracting  gold  from  low- 
grade  ores.  If  this  should  prove  to  be  the  case,  and  the  use- 
fulness of  the  method  should  be  extended,  particularly  in  Cali- 
fornia, my  native  State,  I  shall  feel  amply  repaid  for  this  long 
laborr 

III. — The  Treatment  of  Ores. 

I  have  here  reached  the  limit  laid  out  for  myself  in  the  pres- 
ent paper.  Still  a  few  words  on  the  application  of  the  process 
to  ores  may  not  be  out  of  place.  In  the  first  place,  it  should 
be  said  that  the  usual  extraction  from  the  South  African  tail- 
ings averages  only  from  60  to  70  per  cent.  While  such  results 
on  low-grade  products  that  can  be  treated  in  no  other  manner 
may  be  eminently  satisfactory,  they  should  be  regarded  as  deci- 

*  H.  Freudenberg,  Zeitachrift  fiir  Physikaliache  Chemie,  xii.,  p.  97,  1893. 
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dedly  unsatisfactory  for  rich  ores  and  concentrated  sulphurets, 
assaying  perhaps  $100  per  ton  or  upwards.  It  is  to  the  treat- 
ment of  such  products,  particularly  the  latter,  that  I  have  given 
the  most  attention.  Although  at  first  I  could  obtain  extractions 
at  most  averaging  not  more  than  70  or  80  per  cent.,  I  was 
finally  able  to  reach  uniform  extractions  that  were  eminently 
satisfectory  with  quite  a  wide  range  of  ores.  Thus,  with  the 
concentrated  sulphurets  from  the  Idaho  Mine,  Grass  Valley, 
assaying  $120  per  ton,  I  began  with  70  per  cent,  and  finished 
with  98  and  99.45  per  cent.  With  the  Alaska  Treadwell  con- 
centrates, assaying  $50  per  ton,  I  began  with  75  per  cent,  ex- 
tractions, and  finished  by  extracting  all  but  a  trace.  In  a  lot 
of  concentrates  from  the  Bald  Eagle  Mine,  Alaska,  assaying 
$280  per  ton,  I  was  finally  able  to  extract  up  to  97  per  cent. 
On  the  other  hand,  with  a  lot  of  sulphurets  from  the  Bay  State 
Mine,  Amador  county,  California,  assaying  $160  per  ton,  90 
per  cent,  is  the  best  result  yet  obtained. 

Each  one  of  these  ores  demanded  a  long  and  painful  study 
before  these  results  could  be  obtained  with  any  certainty,  and 
there  still  remain  some  difficulties  to  be  overcome  before  they 
can  be  reached  on  the  large  scale.  Still  there  seems  a  strong 
probability  that  this  will  be  accomplished.  And  while  it  is 
unlikely  that  the  cyanide  process  will  displace  any  of  the  stand- 
ard methods  of  gold-extraction  it  will  certainly  supplement 
them  where  they  are  weak,  and  will  perhaps  enable  low-grade 
ores  to  be  worked  that  will  not  now  pay  for  chlorination. 

I  cannot  close  without  a  warning  to  those  who  expect  ex- 
travagant results  from  this  method  in  the  hands  of  persons 
utterly  ignorant  of  chemistry.  Xo  process  was  ever  introduced 
requiring  a  more  thorough  and  subtle  chemical  knowledge, 
and  without  it  success  is  absolutely  impossible.  But  engineer- 
ing skill  and  experience  are  also  equally  indispensable,  and  suc- 
cess can  only  follow  where  these  agents  co-operate  to  produce 
the  final  result. 
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Some  Mines  of  Rosita  and  Silver  Cliff,  Colorado.* 

BY  S,    P.    EMMONS,   WASHINGTON,   D.    C. 

(Colorado  Meeting,  September,  1896.) 

The  liistorv  of  the  mlnins^  region  of  Custer  county  has  been 
somewhat  peculiar.     Although,  in  the  broader  features  of  geo- 
ioo-ical  structure,  it  bears  a  strong  resemblance  to  its  newer  and 
now  more  famous  neighbor,  40  miles  to  the  northward,  the 
Cripple  Creek  mining  district,  it  has  been  noted  for  failures 
rather  than  for  successful  mining  ventures.     Yet  it  has  a  num- 
ber of  mines  that  have  proved  themselves  to  be  remarkably 
rich,  and  many  others  that  have  well-deRned  veins   and  very 
rich'  ore,  though  they  never  have  been  worked  to   any  great 
depth,    'a  few  of  the  deposits  seemed  to  the  early  miner  so 
anomalous  in  form  and  manner  of  occurrence  that  they  were 
popularly  described  as  "  contrary  to  all  geological  laws."     The 
region   has   had  several  "  booms,"   succeeded   by  more  than 
usually  violent  reactions,  the  latter  having  proved  more  perma- 
nent than  the  former.     It  was,  for  a  long  time,  the  favorite  re- 
sort of  patent-process  mongers,  and  the  ground  is  now  strewn 
with  relics  of  various  unsuccessful  reduction-plants.     Misman- 
agement, ignorance    and    disagreements   among  mine-owners 
seem  to  have  been  quite  as  responsible  for  the  want  of  success 
in  the  region  as  the  quahty  of  the  ores  or  the  form  of  the  de- 
posits. 

In  the  early  eighties,  when  the  booms  had  not  entirely  died 
out,  a  division,  then  under  my  charge,  of  the  U.  S.  Geological 
Survey,  undertook  an  examination  of  the  region  for  the  pur- 
pose of  making  a  study  of  its  ore-deposits.  The  areal  survey 
was  carried  to  completion  by  Mr.  Whitman  Cross,  but  the  study 
of  the  mines  could  never  be  completed  for  the  reason  that  most 
of  them  were  closed,  for  one  reason  or  another,  before  we  had 
time  to  visit  them.  From  time  to  time,  one  or  another  of  the 
important  mines  has  been  started  up  again,  but  it  was  not 

*  Published  by  permission  of  the  Director  of  the  U.  S.  Geological  Survey. 
VOL.  XXVI. — 50 
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always  possible  to  visit  the  region  while  they  were  still  open, 
and  hence  the  economic  study  of  the  region  has  never  been 
completed.  Such  facts  as  I  have  been  able  to  gather  from  per- 
sonal observation  and  from  other  sources  have  been  finally  put 
together  in  an  article  published  in  the  last  Annual  Report  of  the 
Director  of  the  Survey,  of  which  the  present  paper,  descriptive 
chiefly  of  the  four  principal  mines  of  the  district,  is  a  conden- 
sation. Although  necessarily  incomplete,  it  contains  some  facts 
that  will,  I  think,  prove  of  interest  to  the  members  of  the  In- 
stitute. 

Topography, 

The  region  containing  the  mines  is  situated  on  the  western 
slope  of  the  Sierra  Mojada  or  Wet  Mountain  range,  about  25 
miles  southwest  of  Canyon  City,  and  extends  from  the  fertile 
bottoms  of  the  Wet  Mountain  valley  about  10  miles  diagonally 
up  the  slope  toward  the  crest  of  the  range.  The  town  of  Silver 
Clifi'  is  situated  on  the  Quaternary  slope,  at  the  southern  end 
of  a  low  plateau  of  rhyolite,  and  at  the  base  of  the  clifl:'  from 
which  its  name  was  taken.  Eosita,  at  the  other  extremity  of 
the  area,  nestles  in  a  little  valley  among  the  so-called  Eosita 
hills.  These  hills  cover  about  25  square  miles,  and  are  made 
up  of  volcanic  rocks,  which  have  broken  up  through,  and  now 
cover  more  or  less  completely,  a  basement-complex  of  gneisses 
and  granites,  hitherto  considered  to  be  of  Archfean  age. 

About  3  miles  from  the  western  base  of  the  Eosita  hills  there 
rises,  out  of  the  Quaternary  that  slopes  gently  westward  toward 
the  bottom-lands  of  the  Wet  Mountain  valley,  a  sharp  conical 
peak  known  as  Eound  mountain.  West  of  this  stretches  a 
plateau,  nearly  2  miles  square,  ending  at  the  north  in  a  group 
of  low  hills,  called  the  White  hills,  from  the  rock  of  which 
they  are  composed.  At  the  southern  edge  of  the  plateau  is  a 
cliff,  nearly  100  feet  high,  in  which  silver  has  been  found,  and 
from  which  the  mining  town  of  Silver  Cliff  at  its  base  was 
named.  Xorth  of  the  White  hills  is  another  and  somewhat 
higher  group  of  hills,  known  as  the  Blue  mountains. 

Discovery  and  Development, 

The  first  discoveries  in  the  region  were  made  by  ranchmen 
of  the   valley  while  hunting   their  stray   cattle.     Prospectors 
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came  first  to  tlie  Rosita  region  in  the  autumn  of  1872.  The 
most  prominent  and  noted  deposit  in  this  vicinity  was  the  Hum- 
boldt-Pocahontas vein,  which  was  discovered  m  April,  1874, 
and  worked  almost  continuously  for  about  13  years.  The  town 
of  Rosita   reached   the    height   of  its   prosperity  m   1875  to 

1877.  ,.  ,  ,. 

The  second  crreat  mine  was  the  Bassick,  which  was  discov- 
ered, about  2  miles  north  of  Rosita,  in  1877.  This  has  been 
the  most  important  producer  of  the  region,  having  been  early 
bouo-ht  by  New  York  parties  and  capitalized  at  $10,000,000. 
It  his  been  closed  down  since  1885,  having  produced  about 
$2,000,000  in  gold  and  silver. 

The  next  important  discovery,  that  of  the  Silver  Cliff  deposit, 
in  1878,  gave  rise  to  a  greater  mining  boom  than  the  region 
had  yet  experienced.  This  was,  in  part,  due  to  the  general 
mining  excitement  throughout  the  country,  consequent  upon 
the  opening  of  the  Leadville  mines,  but  in  greater  part  to  the 
behef,  at  first  entertained,  that  the  whole  plateau  was  a  mass  of 

silver-ore. 

The  Bull-Domingo  mine  was  discovered  about  that  time  m 
the  Blue  mountains,  and  the  sale  of  these  two  properties  in  the 
east,  with  their  capitalization  at  $10,000,000  each,  was  the  cul- 
minating phase  of  the  boom,  which  thereafter  began  to  die  out. 

Geological  History.* 
With  the  exception  of  a  very  local  and  probably  recent  lake- 
bed,  no  sedimentarv  formations  appear  in  the  region.  Upon  a 
basement-complex,  consisting  mainly  of  gneisses  cut  through 
by  granite,  with  some  dikes  of  syenite  and  peridotite,  a  series 
of  eruptive  rocks  has  been  poured  out,  forming  hills  similar  in 
general  form  to  those  of  the  present  day,  but  probably  more 
elevated,  since  the  tendency  of  modern  erosion  has  been  to 
plane  down  the  hills  and  fill  up  the  valleys.  The  filling-up  pro- 
cess was  going  on  during  the  time  of  active  eruption,  as  ^nll 
be  shown  below  in  the  description  of  the  Geyser  mine.  Ihe 
fossil  leaves  found  in  the  rhyoUte  mud-flows  of  the  Rosita  hills 

*  A  full  description  of  the  geological  structure  of  the  region,  with  geological 
niaps  and  sections,  will  be  found  in  the  im  Ann.  Rep.  oi  the  Director,  L  S 
Geol.  Sur.  (189.5-6),  Part  II.,  in  a  paper  by  Mr.  Whitman  Cross  on  the  Geology 
of  Silver  Cliff  and  the  Rosita  Hills." 
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render  it  probable  that  the  volcanic  action  occurred  during  the 
early  Eocene.  Mr.  Cross  thinks  that  the  various  rocks  Avhich 
now  make  up  the  Rosita  hills  must  be  regarded  as  a  series  of 
products  from  the  same  volcanic  or  eruptive  source.  Most  of 
them  were  surface-effusions,  but  there  are  also  dikes,  and  the 
present  relationship  of  the  difterent  bodies  is  due,  in  a  few  in- 
stances, to  faulting.  The  eruption  of  two  of  the  rocks  was 
plainly  begun  by  explosive  action,  producing  much  fragmental 
material.  The  other  eftusions  were  massive  eruptions,  produc- 
ing even-grained  rocks,  almost  identical  with  the  forms  shown 
in  the  dikes. 

The  principal  eruptive  rock-varieties,  with  their  local  names, 
are,  in  the  order  of  their  eruption,  as  follows : 

Rosita  andesite ;  Bunker  andesite  ;  Fairview  diorite ;  Bald 
ISIountain  dacite  ;  rhyolite  ;  Pringle  andesite ;  trachyte ;  Bas- 
sick  agglomerate ;  mica-dacite ;  limburgite  (a  very  basic  basalt). 

As  Mr.  Cross  shows,  there  was  probably  an  active  volcano 
somewdiere  near  the  present  site  of  Rosita,  which  emitted  lavas, 
alternating  with  ashes  and  fragmental  material.  The  first 
eruption  was  that  of  the  Rosita  andesite,  which  was  poured 
over  the  pre-existing  Archsean  hills  and  valleys.  It  is  mica- 
hornblende-andesite,  as  a  rule  much  altered.  In  the  valley  of 
Rosita  creek  it  is  characteristicahy  a  purplish-  or  bluish-gray 
breccia ;  near  the  mines  it  is  often  soft  and  somewhat  bleached. 

This  was  followed  by  the  eruptions  of  the  Bunker  andesite, 
the  Fairview  diorite,  the  Bald  Mountain  dacite  and  the  rhyo- 
lite, none  of  which,  however  (except  a  few  outlying  dike-like 
bodies  of  the  rhyolite)  appear  in  the  neighborhood  of  Rosita. 

These  were  succeeded  by  the  quiet  eruption  of  the  Pringle 
andesite,  which  must  have  covered  the  whole  southern  slope 
of  the  hills,  and  of  which  a  remnant  still  covers  a  great  part  of 
Pringle  hill,  west  of  Rosita.  This  rock  is  relatively  fresh,  yet 
sometimes  kaolinized. 

The  next  eruption  was  that  of  the  trachyte,  which  now  forms 
the  cap  of  Game  ridge,  and  is  seen  in  a  series  of  dike-like 
bodies,  cutting  the  Pringle  andesite  as  well  as  the  earlier  rocks. 
The  body  on  Game  ridge  fills  an  earlier  (probably  rather 
shallow)  depression;  but  its  present  outlines  are  determined 
in  considerable  measure  In'  later  faults.  The  location  of  its 
source  does  not  appear ;  but  it  may  well  have  been  connected 
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with  some  one  of  the  dike-like  bodies  of  the  same  rock.  The 
rock  of  the  dikes  is  dark-gray  porphyry,  showing  glassy  sanidin 
when  fresh. 

Of  the  still  later  rocks  above  mentioned,  nothing  further 
Deed  be  said  here.     Their  occurrence  is  described  below. 

The  ore-bearing  veins  cut  the  trachyte,  thus  proving  their 
later  origin.  In  most  of  the  faults  traversing  the  trachyte  some 
mineralization  may  be  observed ;  and  many  of  the  ore-discov- 
eries around  Game  ridge  have  been  fault-fissures.  Such  are 
the  Ilorton  and  Hard  Cash  mines  on  the  California  fault,  and 
the  Nellie  and  Sleeping  Pet,  on  the  Nellie  fault,  which  are 
between  trachyte  and  gneiss.  On  the  Twenty-Six  fault,  which 
is  partly  In  trachyte  and  partly  between  Rosita  andesite  (on 
the  north)  and  trachyte  (on  the  south),  are  the  Summit, 
Polonia  and  Twenty-Six  mines.  This  fault  exhibits  a  complex 
of  parallel  fissures,  with  crushed  and  shattered  material  between. 
In  the  vein  itself  are  boulders  of  andesite-breccia  and  of  granite 
rounded  by  attrition. 

The  Humboldt-Pocahontas  Vein. 

This  is  an  excellent  example  of  what  is  generally  called  a 
true  fissure-vein.  It  is  remarkably  regular  in  direction  and  dip 
in  its  upper  levels,  and  has  contained,  in  the  length  of  about 
4000  feet  along  which  it  has  been  opened  underground,  a 
somewhat  unusual  amount  of  rich  ore.  An  excellent  account 
of  the  workings  up  to  1878  in  the  various  mines  upon  this  vein 
was  given  by  the  late  R.  Neilson  Clark  in  his  paper  on  the  sub- 
ject,* from  which  I  reproduce  in  Fig.  1  a  profile,  showing  the 
division  of  the  vein  among  the  several  companies,  and  also  the 
position  of  certain  features,  interpreted  by  Mr.  Clark,  upon  the 
evidence  accessible  at  that  time,  as  faults.  For  a  complete  de- 
scription of  the  vein  and  its  development,  the  reader  should 
combine  what  is  here  given  with  the  earlier  account  of  Mr. 
Clark,  from  which,  however,  I  take  a  few  facts  essential  to  the 
comprehension  of  my  own  statements. 

The  strike  of  this  vein  is  K  50°  W.,  and  it  dips  60°  to  72° 
S."W.  (away  from  the  hills).  The  ore  is  mainly  tetrahedrite, 
carrying  copper  and  iron  pyrites,  some  galena,  stephanite,  and 

*  Trans.,  vii.,  21. 
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other  aiitimonial  silver-minerals.    Barite  is  the  principal  gano-ue- 
mincral,  calcite    being  present    in  subordinate  amount.     The 


vein  had  produced  up  to  May,  1878  (principally  from  the  Hum- 
boldt and  Pocahontas  mines,  the  shipments  of  the  Southeast 
Leviathan  and  the  Virginian  having  been  comparatively  insig- 
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nificant),  4893  tons  of  ore  shipped,  of  a  gross  value  of  $565,929, 
or  $115.56  per  ton,  in  currency. 

The  Pocahontas  and  Hunihohlt  mines  were  examined  by  the 
writer  in  1883,  and  were  visited  again  in  1887.  Fig.  2  shows 
the  position  of  the  shafts,  and,  in  a  general  way,  the  portions  of 
the  vein  which  had  been  found,  down  to  the  latter  date,  to 
carry  rich  ore.  The  latest  workings,  however,  are  not  shown. 
In  1887  the  Pocahontas  mine  was  worked  at  the  300-foot  level 
through  the  Humboldt  shaft;  and  it  is  not  known  whether  the 
vein  has  since  been  worked  to  greater  depths  in  the  Pocahontas 
ground.  Above  this  level  the  vein  was  remarkably  regular 
and  straight  in  that  ground,  striking  N.W.-S.E.,  with  an  aver- 
age dip  of  45°  S.W.  The  country-rock  on  either  side  is  Rosita 
breccia,  sometimes,  however,  losing  its  brecciated  structure, 
and  showing,  especially  on  the  hanging-wall,  solid  lava  only. 
The  breccia  is  often  quite  dark  and  hard ;  at  other  times, 
bleached  and  decomposed.  The  hanging-wall  is  especially 
smooth  and  regular,  generally  with  a  thin  clay-gouge.  The 
vein-matter  is  for  the  most  part  decomposed  country-rock,  im- 
pregnated with  p3'rite,  chalcopyrite,  tetrahedrite  and  some  sil- 
ver sulphides  and  antimonides  associated  with  barite,  often  in 
fine  tabular  crystals.  Its  width  varies  from  a  few  inches  to  2  feet. 
The  foot-wall  is  wavy,  and  has  no  clay-gouge,  though  it  forms 
a  comparatively  distinct  separation  between  ore  and  country- 
rock.  The  pay-ore  is  said  to  have  run  in  horizontal  streaks, 
and  to  have  been  continuous  from  one  end  of  the  Pocahontas 
claim  to  the  other. 

In  the  Humboldt  ground  the  vein  is  of  the  same  general 
character,  but  its  dip  varies  from  45°  to  70°.  The  shaft  has 
followed  the  average  dip  (60°)  to  the  fourth  level,  where  the 
vein  splits.  Boulders  of  granite  and  gneiss  could  occasionally 
be  observed  completely  inclosed  in  the  andesite  country-rock. 
Down  to  the  fourth  level  (400  feet  on  the  dip)  the  vein  is  com- 
paratively regular.  Below  that  level  a  horse  of  country-rock 
about  30  feet  wide  divides  it  into  two.  The  northeastern  vein 
gradually  grows  steeper  and  becomes  reversed,  taking  a  dip  to 
the  north.  For  some  distance  it  is  said  to  have  gone  down  in 
a  series  of  steps  that  were  alternately  very  shallow  and  very, 
steep.  From  the  fifth  level  down  the  northeastern  vein  had 
granite  on  the  hanging  or  northeastern  wall,  and  on  the  other 
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wall  breccia  gave  place  to  porphyry.     The  ore  became  mostly 
pyrite  of  rather  low  grade — 20  to  30  ounces  of  silver  per  ton. 


The  southwestern  or  main  vein,  on  the  other  hand,  grew 
shallower  in  dip,  and  diverged  from  the  other  until  at  the 
eighth  level   they  were   nearly  800  feet  apart.     The   cross-cuts 
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between  the  two  were  in  broken  rock  until  the  seventh  level 
was  reached,  when  they  showed  solid  porphyry,  with  a  regular 
sheeting  parallel  to  the  southwestern  vein.  The  northeastern 
vein  gradually  died  out,  and  the  southwestern  or  main  vein  was 
thought  at  one  time  to  be  lost,  but  was  recovered  on  the  eighth 
level.  Here  the  breccia  had  disappeared,  and  the  same  even- 
grained  porphyry  appeared  on  both  walls".  In  the  vein  were 
found,  here  and  there,  rounded  fragments  of  red  granite  of 
various  sizes,  sometimes  entirely  coated  with  gray  copper.  In 
one  case  the  granite  fragment  was  so  large  that  it  took  a  long 
time  to  cut  a  drift  through  it. 

The  facts  with  regard  to  these  lower  workings  were  obtained 
in  1887  from  the  manager,  Mr.  Thornton,  an  extremely  careful 
and  intelligent  observer.  All  levels  below  the  fifth  were,  at 
that  time,  full  of  water,  having  been  abandoned  by  the  owners 
on  account  of  the  low  grade  of  the  ore,  and  difficulties  of  mining 
incident  to  the  greatly  flattened  dip.  It  is  sincerely  regretted 
that  the  lower  parts  of  this  vein  could  not  have  been  examined 
in  detail,  since  what  is  reported  concerning  the  deeper  portion 
near  the  Humboldt  shaft  indicates  an  opportunity  of  studying 
here  the  root  of  an  extensive  system  of  vein-fissures.  It  has 
long  been  the  opinion  of  the  writer  that  the  idea,  generally  ac- 
cepted among  miners,  that,  because  an  ore-deposit  has  been 
formed  on  what  may  be  called  a  true  fissure-vein,  it  necessarily 
has  an  indefinite  extension  in  depth,  is  much  in  the  nature  of  a 
popular  fallacy,  and  that  the  extension  in  depth  of  ore  in  a  fis- 
sure is  as  likely  to  terminate  within  a  measurable  distance  as 
the  extent  of  ore-deposition  on  what  are  generally  called 
"  blanket-deposits."  The  present  case  seems  to  illustrate  this 
idea  as  far  as  the  facts  enable  one  to  judge;  for  while  the  fault- 
fracture  constituting  the  vein  has  been  traced  horizontally  for 
more  than  a  mile,  yet,  where  it  has  been  explored  in  depth,  it 
splits,  and  shows  signs  of  dying  out  altogether  at  800  feet  from 
the  present  surface.  To  this  depth  should  be  added,  for  the 
original  vertical  extent  of  the  fault-fracture,  the  vertical  depth 
of  the  material  carried  away  by  erosion  since  the  fissure  was  < 
formed.  Concerning  this  depth,  there  are  but  few  facts  avail- 
able for  a  valid  deduction,  but,  in  all  probability,  it  can  hardly 
have  been  much  over  1000  feet. 

It  is  seldom  that  an  important  fault-movement  takes  place  on 


782       SOME    MINES    OF    ROSITA    AND    SILVER    CLIFF,  COLORADO. 

absolutely  a  single  plane ;  and  in  this  case  there  have  been  evi- 
dently one  or  more  parallel  planes  of  movement — which  have 
not  been  thoroughly  explored,  probably  because  the  main  vein 
was  so  regular  and  well  defined  ;  for  the  miner  generally  likes 
to  follow  a  well-defined  wall,  and  is  reluctant  to  go  behind 
it.  In  the  present  case  it  is  possible  that  more  ore  might 
have  been  found  on  'one  of  these  secondary  planes  in  the  upper 
workings. 

The  vein  appears  to  split  into  a  series  of  conjugated  frac- 
tures in  depth  in  the  Humboldt  ground  as  it  reaches  the  por- 
phyry (trach}i:e  ?)  and  granite.  The  diagrammatic  section 
given  in  Fig.  3  is  founded  on  too  few  facts  of  observation  to 
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be  claimed  to  be  accurate,  but  it  represents  a  probable  manner 
in  which  the  main  fault-fracture  splits  up  in  depth. 

In  the  case  of  the  Comstock  and  some  other  important  veins, 
the  vein-fissure  has  split  and  opened  out  upward  toward  the  sur- 
face. For  this  reason,  miners  are  apt  to  expect  that  two  nearly 
parallel  veins  which  are  in  proximity  at  the  surface  will  be 
likely  to  come  together  in  depth.  In  the  present  case  the  con- 
ditions are  reversed,  showing  that  the  splitting  is  not  neces- 
sarily upward  in  every  case.  If  the  ore-bearing  currents  were 
ascending  along  a  set  of  fissures,  such  as  is  represented  in  Fig. 
3,  it  is  readily  conceivable  that  the  richest  and  most  abundant 
ore  would  be  concentrated  in  the  upper  part  after  the  converg- 
ing fissures  had  united. 

The  Bassick  Mine, 
Mount  Tyndall  is  an  extremely  picturesque  conical  hill,  about 
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600  feet  high,  at  the  N.E.  extremity  of  the  Rosita  eruptive 
area.  On  Bassiek  hill,  a  shoulder  upon  its  southern  slope,  oc- 
curs the  outcrop  of  the  Bassiek  ore-body.  This  body  is  enclosed 
in  an  agglomerate,  mainly  of  andesitic  material,  which  forms 
the  whole  mass  of  Bassiek  hill  and  a  considerable  proportion  of 
Mount  Tyndall,  and  whieh,  as  it  contains  fragments  of  l)oth  the 
Rosita  and  the  Bunker  types  of  andesite,  must  be  more  recent 
than  either.  The  top  of  Mount  Tyndall  is  a  dense  banded 
rhyolite,  of  still  more  recent  date,  which  has  protected  the  ag- 
glomerate, otherwise  easily  softened  and  eroded.  On  Bassiek 
hill,  however,  the  agglomerate  has  been  protected  by  its  own 
silicification  in  the  vicinity  of  the  ore  body.  In  the  upper  knoll, 
in  the  ridge  connecting  Bassiek  hill  with  Mount  Tyndall,  occurs 
a  dike  of  dense  black  rock,  3  to  4  feet  thick,  described  as  lim- 
burgite,  in  which  fresh  olivine  crystals  are  the  only  pheno- 
crysts.  This  dike  is  of  special  interest,  because,  as  Mr.  Cross 
shows,  the  Bassiek  ore-body  must  have  been  formed  before  its 
eruption. 

Of  the  fragments  in  the  agglomerate,  some  are  rounded; 
others,  subangular ;  few,  if  any,  distinctly  angular.  They  vary 
in  size  from  that  of  gravel-stones  to  blocks  3  feet  in  diameter. 
In  the  quarry  above  the  Bassiek  mill,  where  the  exposures  are 
good,  the  matrix  is  white,  often  homogeneous  in  appearance, 
sometimes  hard  and  flinty,  sometimes  earthy  and  crumbling. 
Where  the  residual  products,  silica  and  kaolin,  are  locally  con- 
centrated, it  sometimes  forms  a  conglomerate. 

Mr.  Cross  gives  sections  showing  the  assumed  form  of  the 
agglomerate  body  and  of  the  volcanic  neck  which  it  is  supposed 
to  till.  Of  the  actual  outlines  below  the  surface  there  is  little 
evidence,  but  volcanic  necks  in  general  have  nearly  vertical 
walls,  and,  at  the  depth  of  1400  feet  in  the  Bassiek,  this  ag- 
glomerate shows  no  signs  of  the  proximity  of  the  Archaean. 

An  excellent  description  of  this  mine  was  given  by  Mr.  L. 
R.  Grabill  in  1882,*  at  which  time  a  depth  of  something  more 
than  800  feet  had  been  reached  by  the  shaft.  The  statements 
here  made  concerning  the  mine  above  that  level  are  based  on 
Mr.  Grabill's  paper,  which  states  that  the  fissure  is  an  irregular 
opening,  nearly  elliptical  in  horizontal   section,  20   to  30  by 

*  Trans.,  xi.,  110,  "On  the  Peculiar  Features  of  the  Bassiek  Mine." 
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nearly  100  feet  in  size,  and  extending  downward  vertically,  with 
slight  windings,  nearly  800  feet,  '^o  walls  or  distinct  bounda- 
ries between  ore  and  country-rock  have  been  found.  The  ore 
occurs  in  "  scales "  or  layers  surrounding  the  porphyry  (an- 
desite)  boulders  of  the  agglomerate.  Isear  the  center  of  the 
body,  the  size  of  these  rounded  fragments  is  greater,  leaving 
larger  interstitial  spaces  for  the  combs  of  mineral,  and  the 
scales  are  there  both  thicker  and  richer  in  precious  metals. 
The  boulders  or  pebbles  decrease  in  size,  and  the  scales  become 
thinner,  as  distance  from  the  center  increases,  until  the  scales, 
and  finally  all  traces  of  the  precious  metals,  disappear. 

The  minerals  noted  by  Mr.  Grab  ill  were  sphalerite,  jameson- 
ite,  tetrahedrite,  smithsonite,  calamine,  free  gold,  gold  and 
silver  tellurides,  chalcopyrite,  pyrite,  quartz  and  kaolin — no 
barite,  calcite,  or  other  spars.  These  minerals  were  deposited 
in  concentric  shells  around  boulders  from  10  to  600  mm.  (aver- 
age, 100  to  300  mm.)  in  diameter.  The  shells  are  usually 
three,  sometimes  four,  in  number  and  occur  in  the  following 
succession,  from  within  outward  : 

1.  A  hard  black  layer,  from  a  hair-line  up  to  5  mm.  thick,  of 
sulphides  of  zinc,  antimony  and  lead,  usually  carrying  about  60 
ounces  of  silver,  and  1  to  3  ounces  of  gold  per  ton. 

2.  A  layer  of  lighter  color  (not  always  distinct),  richer  in 
lead,  silver  and  gold  (sometimes  100  ounces  of  gold,  and  150 
to  200  ounces  of  silver,  per  ton). 

3.  A  shell  of  beautifully  crystalline  sphalerite,  5  to  50  mm. 
thick,  carrying  usually  60  to  120  ounces  of  silver,  and  from  15 
to  50  ounces  of  gold  per  ton,  and  constituting  the  principal 
source  of  value  in  the  mine.  It  shows  also  a  considerable 
amount  of  iron  and  some  copper.  This  is  often  the  outer  coat- 
ing and  is  rough  on  the  outside,  by  reason  of  the  projecting 
points  of  the  crystals  of  sphalerite. 

4.  The  next  shell,  when  there  is  one,  is  chalcopyrite,  some- 
times only  as  sparse  crystals  scattered  over  the  splialerite, 
sometimes  in  a  layer  10  or  20  mm.  thick.  It  carries  up  to  50  or 
100  ounces  of  gold,  and  the  same  of  silver  per  ton. 

5.  Outside  of  this  there  is  sometimes  a  thin  coating  or  sprink- 
ling of  pyrite  crystals.  Surrounding  all,  and  filling  the  re- 
maining spaces  between  the  boulders,  is  kaolin. 

Of  the  above,  No.  1  is  always  present,  being  the  innermost 
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coating  of  the  largest  boulders  and  the  sole  coating  of  the 
smallest  pebbles.  On  the  other  hand,  the  sphalerite  shell  is 
wanting  in  the  outer  part  of  the  ore-body.  Calamine,  smith- 
sonite  and  most  of  the  free  gold  are  found  above  the  water-level. 
Tetrahedrite  never  occurs  as  a  shell,  but  always  fills  vacan- 
cies outside  the  coated  boulders,  and  is  intermingled  with  quartz, 
and  sometimes  with  broken  pieces  of  the  first  and  second  (never 
of  the  third  and  fourth)  coatings.  In  the  same  mass  the  tel- 
lurides  of  gold  and  silver  are  contained.  Quartz  occurs  in  the 
open  spaces  between  boulders,  never  in  the  coatings.  It  is 
mostl}'  amorphous,  and  ranges  in  color  from  opaline  white, 
through  gray,  blue  and  brown,  to  black. 

Charcoal  has  been  found  both  within  and  without  the  ore- 
shoot,  down  as  far  as  765  feet.  The  amount  found  at  this  level 
would  make  a  cubic  foot.  It  was  most  common  near  the  water- 
level.  It  is  mostly  soft  and  friable,  though  still  showing  the 
grain  of  the  wood.  Some  is  much  silicified.  Nearly  all  has  its 
pores  filled  with  glittering  crystals  of  pyrite.  One  piece,  30  to 
40  mm.  long,  showed  the  cross-section  of  a  trunk  or  branch,  40 
to  50  mm.  in  diameter. 

Mr.  Grabill  is  unable  to  account  for  the  fact  that  the  boulders 
are  rarely  in  contact  with  each  other,  as  he  does  not  see  what 
could  have  supported  the  fragments,  or  kept  them  apart,  while 
the  metal-bearing  shells  were  being  deposited  around  them. 

In  our  later  examination  (of  levels  opened  after  Mr.  Grabill 
wrote  his  paper)  neither  gold  nor  the  oxidized  minerals  nor  the 
tellurides*  were  observed.  The  more  common  minerals  noted 
were  pyrite,  sphalerite  (both  the  dark  ferruginous  and  the  yel- 
low resinous  varieties),  galena  and  chalcopyrite. 

In  some  cases  the  different  bands  were  separated  by  a  thin 
earthy  band  carrying  some  calcite  or  dolomite,  which  often  con- 

*  This  does  not  impugn  the  accuracy  of  Mr.  Grabill's  observations  as  to  the 
upper  levels.  In  further  confirmation  of  his  statement  as  to  the  character  of  the 
ore,  Mr.  Richard  Pearce  informs  the  writer  that  the  Argo  works  were  the  first  to 
purchase  Bassick  ore,  and  that  he  found  tellurium  in  it.  The  following  analysis 
of  a  piece  of  rich  Bassick  ore  was  made  by  Mr.  F.  C.  Knight,  chemist  of  the 
works  :  Gold,  1.64  (or  475.32  ounces  per  ton)  ;  silver,  2.38  (or  694.15  ounces  per 
ton);  co[)per,  17.43;  zinc,  18.19;  lead,  10.18;  iron,  7.96;  bismuth,  0.56;  tel- 
lurium, 2.72;  sulphur,  26.07;  arsenic,  1.90;  antimony,  10.20;  total,  99.23  per 
cent.  This  piece  of  ore  was  apparently  made  up  of  tetrahedrite,  chalcopyrite, 
galena,  sphalerite,  and  possibly  petzite. 
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tallied  a  flat,  open  space,  parallel  with  the  banding.  The  elon- 
gated vugs  found  sometimes  in  the  boulders  of  country-rock 
are  generally  lined  with  minute  crystals  of  calcite  or  dolomite, 
but  where  one  of  these  vugs  is  cut  off  by  the  metallic  band 
around  the  boulder  a  thin  film  of  pyrite  lines  the  vug  near  its 
mouth,  which  is  in  turn  covered  by  bluish  chalcedony  that  lines 
all  the  interior  parts  of  the  vug. 

The  boulders  within  the  area  of  ore-deposition  are  generally 
bleached  and  decomposed ;  they  have  lost  almost  all  traces  of 
their  basic  silicates,  and  their  feldspar  crystals  are  thoroughly 
kaolinized.  On  the  other  hand,  they  are  very  freely  impreg- 
nated with  pyrite,  which,  coarser  and  more  abundant  near  the 
periphery,  decreases  and  becomes  finer  grained  toward  the  in- 
terior. 

In  the  barren  breccia  surrounding  the  ore-body,  the  inter- 
stitial spaces  between  the  larger  fragments  of  andesite  are  filled 
by  a  bluish,  siliceous  mass  which  incloses,  also,  smaller  frag- 
ments of  the  country-rock.  It  is  in  part  a  finely  granular  mass, 
in  part  compact,  approaching  chalcedony.  The  latter  contains 
no  metallic  minerals;  but  fine-grained  pyrite  is  scattered 
through  the  granular  portions,  and  still  more  abundantly 
through  the  interior  of  the  fragments,  where  it  seems  prefera- 
bly to  replace  the  basic  silicates,  but  never  completely  to  fill  the 
spaces  originally  occupied  by  them. 

Although  there  is  no  definite  boundary  between  the  ore  and 
the  barren  breccia,  it  was  observed  that  there  were  several 
fracture-planes  or  joints  in  the  agglomerate,  cutting  each  other 
in  such  a  way  as  to  rudely  outline  the  form  of  the  ore-shoot. 

As  the  mine  had  been  permanently  closed  down  before  a  sec- 
ond visit  to  the  district  was  made,  no  personal  observations  of 
the  lower  levels  were  possible.  From  the  superintendent  and 
foreman  the  following  facts  with  regard  to  them  were,  however, 
obtained :  When  the  shaft  was  down  to  the  tenth  level,  a  sec- 
ond ore-body  or  shoot  was  struck  to  the  east  of  the  main  body 
and  the  two  ore-bodies  were  thought  to  be  approaching  each 
other.  The  ore  in  the  new  body  carried  rather  more  zinc- 
blende  than  the  first  shoot;  and  below  the  tenth  level  the  ore 
formed  a  thinner  scale  about  the  boulders,  and  was  supposed  to 
contain  a  considerable  amount  of  tellurium. 

In  the  1200-foot  level  (below  the  tunnel)  the  ore  was  4  inches 
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thick  around  the  boulders,  and  the  new  shoot  was  150  feet  from 
the  old  one,  but  not  developed  at  the  time  of  the  suspension  of 
work. 

Fig.  4  is  a  somewhat  diagrammatic  section  of  the  two  ore- 
bodies  on  a  line  running  east  and  west  through  the  shaft.  It 
was  obtained  from  the  intersections  of  the  sets  of  timbers  that 
fill  the  old  stopes  at  each  of  the  levels.  These,  of  course,  rep- 
resent only  the  limits  of  the  pay-ore,  and  that  not  always  with 
perfect  accuracy.  Hence  the  main  merit  of  the  section  is  to 
show  the  general  form  and  direction  and  the  approximate  limits 
of  the  pay-ore. 

Genesis  of  the  Ore. 

The  data  obtainable,  though  meager,  establish  two  series 
of  phenomena  connected  with  this  deposit  which  point  decidedly 
to  an  origin  and  manner  of  formation  differing  from  that  of 
the  ordinary  ore-deposit.     These  are : 

1.  The  physical  character  of  the  body :  Its  form  of  a  long, 
slender,  nearly  vertical  chimney,  in  an  agglomerate  which  ap- 
pears to  have  filled  the  neck  or  crater  of  an  old  volcano. 

2.  The  fact  that  in  the  composition  of  its  ore  the  earthy  min- 
erals, such  as  barite,  calcite,  and  quartz,  which  are  common  in 
the  other  ore-deposits  of  the  region,  do  not  form  an  essential 
part  of  the  vein-material,  but  occur,  if  at  all,  only  in  subordi- 
nate amounts  in  the  actual  ore-channel,  and  are  apparently 
secondary  ingredients,  introduced  after  the  deposition  of  the 
other  minerals. 

The  conclusion  from  these  facts  seems  inevitable,  that  the  ore- 
deposition  was  here  a  phase  of  the  volcanic  eruption — not,  how- 
ever, as  has  been  suggested  by  some,  that  it  took  place  dur- 
ing the  active  eruption  of  the  volcano,  and  that  the  metallic 
vapors  were  condensed  around  the  rock-fragments  as  they  were 
thrown  upward  and  fell  back  again  into  the  neck  of  the  crater 
(for  under  such  circumstances  they  ought  to  have  impregnated 
the  whole  mass  of  the  agglomerate),  but  rather  as  a  phase  of 
the  dying  activity  of  the  volcano,  after  all  explosive  action  had 
ceased,  and  when  the  agglomerate  had  cooled  and  become  con- 
solidated. It  would  seem  that  here,  if  anywhere,  was  presented 
a  typical  instance  of  a  deposit  due  to  fumarolic  action,  which 
is  the  explanation  French  geologists  are  wont  to  giVe  to  most 
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deposits  of  metallic  iiiineriils  in  close  connection  with  igneous 
rocks — an  explanation  which  the  w'riter  has  been  unwilling  to 
accept  for  most  of  the  deposits  he  has  studied. 

As  a  result  of  the  studies  of  gaseous  emanations  from  the 
lavas  of  active  v^olcanoes,  made  mostly  by  French  geologists, 
the  following  phases  in  fumarolic  activity  are  recognized : 

1.  Dry  or  Anhydrous  Famaroles. — In  these  the  gases  issue 
quietly  from  the  fused  lavas  at  a  very  elevated  temperature 
(500°  C.)  in  the  form  of  white  fumes.  They  consist  mainly  of 
anhydrous  chlorides.  Chloride  of  sodium  is  most  abundant 
(up  to  94.3  per  cent,  at  Vesuvius);  next  chloride  of  potassium 
(up  to  16  per  cent.);  and  small  amounts  of  the  chlorides  of 
manganese,  iron,  and  copper  have  been  detected. 

2.  Acid  Famaroles. — These  issue  from  the  sides  of  the  lava- 
stream  at  some  distance  from  the  still  fused  lava,  and  are  at  a 
less  elevated  temperature  than  the  preceding  (300°  to  400°  C). 
They  contain  a  mixture  of  sulphurous  and  hydrochloric  acids, 
with  enormous  quantities  of  steam  (about  in  the  proportions 
respectively  of  1  to  10  to  1000).  It  is  assumed  that  the  tempera- 
ture is  not  sufficiently  elevated  to  remove  the  chlorides  of  the 
alkalies  from  the  lavas. 

3.  Alkaline  (or  Ammoniacal)  Famaroles. — These  are  character- 
ized by  the  presence  of  chlorohydrate  (possibly  also  of  carbon- 
ate) of  ammonia.  They  consist  mainly  of  aqueous  vapor,  and 
contain,  also,  a  little  sulphuretted  hydrogen ;  and  the  tempera- 
ture of  the  gas  is  about  100°  C. 

4.  Cold  Famaroles. — These  consist  almost  entirely  of  aqueous 
vapor,  and  have  a  temperature  below  100°  C.  They  contain 
sulphuretted  hydrogen  and  about  5  per  cent,  of  carbonic  acid, 
and  might  be  designated  sulphydric  fumaroles. 

5.  Finally  the  mofettes,  or  emanations  of  carbonic  acid,  mark 
the  close  of  the  eruption.  All  these  vapors  contain  atmospheric 
air,  oxygen,  and  nitrogen;  also  hydrogen,  and  sometimes  hydro- 
carbons. 

More  briefly,  the  various  phases  in  gaseous  emanation  may 
be  characterized  as  yielding  (1)  alkaline  chlorides  and  hydro- 
chloric acid  ;  (2)  steam  and  sulphurous  acid  gas  ;  (3)  carbonic 
acid  gas. 

The  products  that  have  been  observed  in  the  vicinity  of  lava- 
flows  that  may  be  ascribed  to  fumarolic  action  are  :     Specular 
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iron,  chloride  of  lead  or  cotunnite,  boric  acid,  and  the  sulphides 
of  arsenic  (realgar  and  orpiment). 

As  both  the  gases  and  their  products  mentioned  above  have 
been  formed  under  ordinary  atmospheric  pressure  and  with 
practically  free  access  of  atmospheric  air,  we  are  by  no  means 
justified  in  assuming  that  the  same  conditions  prevailed  in  the 
conduit  in  which  the  deposit  under  consideration  was  formed ; 
since  part  of  it  is,  even  now,  nearly  1500  feet  from  the  surface, 
and  in  all  probability  nearly  as  much  of  the  upper  part  has 
been  eroded  away. 

The  gases  directly  emitted  from  the  fused  lavas  are,  as  re- 
marked above,  anhydrous.  But  it  is  not  conceivable  that  such 
mineral  products,  and  in  such  forms  as  are  found  in  the  Bassick 
mine,  could  have  been  produced  by  dry  distillation.  Indeed, 
the  great  French  geologist,  Elie  de  Beaumont,  who  was  among 
the  first  to  insist  on  fumarolic  deposition,  himself  admitted  that 
such  deposition  must  have  been  through  the  agency  of  water, 
and  could  not  have  been  a  dry  distillation.  The  metallic  min- 
erals in  this  ore-body  were  evidently  deposited  mainly  as  sul- 
phides and,  to  a  limited  extent,  as  tellurides;  it  seems,  there- 
fore, more  reasonable  to  assume  that  they  were  formed  during 
the  closing  phases  of  fumarolic  activity,  when  H^S  and  SOj  were 
the  prevailing  gases,  if,  indeed,  it  was  in  the  gaseous  form  that 
they  were  concentrated  in  their  present  locus.  It  is  not  impos- 
sible, however,  that  the  aqueous  vapors  carrying  the  sulphides 
and  tellurides  of  the  minerals  were  under  so  great  a  pressure, 
at  the  depth  at  which  most  of  the  deposition  took  place,  that  if 
their  temperature  was  not  very  much  above  100°  C,  they  were 
condensed  into  liquid  form. 

Our  brief  examination  of  the  ore-body  showed  two  or  more 
lines  of  fracture  in  the  agglomerate,  intersecting  each  other  near 
the  outer  limits  of  ore-deposition.  Moreover,  it  is  said  that  the 
second  ore-chimney,  which  has  only  been  observed  as  yet  in  the 
lower  levels,  is  on  the  same  line  of  fracture  or  jointing  that  runs 
through  one  side  of  the  main  body.  It  would  appear,  there- 
fore, that  it  was  the  intersection  of  certain  fracture-planes  that 
determined  the  course  of  the  ore-bearing  channel,  and  that  the 
ore-body  is  not  necessarily  the  center  of  the  volcanic  vent,  but 
that,  as  a  second  ore-chimney  has  already  been  discovered  on 
one  side  of  the  first,  it  is  by  no  means  impossible  that  other 
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chimneys  or  ore-shoots  may  exist  in  the  mass  of  the  agglomer- 
ate, and  might  be  discovered  by  judicious  and  systematic 
exploration  in  the  direction  of  the  principal  fracture-planes. 

It  will  be  highly  important  to  students  of  ore-deposition  to 
obtain  accurate  and  detailed  information  with  regard  to  this  de- 
posit, especially  if  it  should  be  explored  here  to  the  great  depth 
contemplated  in  the  Geyser  mine.  For  such  an  exploration, 
there  is  certainly  as  great  a  promise  of  profitable  return  here  as 
there. 

Singularly,  little  is  known  of  deposits  to  which  a  gaseous 
origin  can,  with  certainty,  be  assigned.  None  have  come  under 
the  observation  of  the  writer  previous  to  this,  and,  as  has  been 
said  above,  he  is  inclined  to  admit  the  possibility  that  the  ore- 
deposition  here  was  made  from  superheated  sulpho-aqueous 
solutions  which,  under  ordinary  atmospheric  pressure,  would 
have  assumed  a  gaseous  form.  Mr.  Grabill  failed  to  see  how 
the  shells  of  mineral  could  have  inserted  themselves  between 
adjoining  rock-fragments  or  boulders  when  the  latter  were  ac- 
tually in  contact,  because,  at  the  time  he  wrote,  the  capabilities 
of  replacement-action  had  not  yet  been  so  far  demonstrated  as 
to  cause  it  to  be  recognized,  as  it  is  to-day,  as  a  common  form 
of  ore-deposition.  At  the  time  of  deposition,  the  agglomerate, 
in  what  is  now  the  ore-channel,  was  probably  in  no  essentially 
different  condition  from  that  in  which  the  country-rock  around 
the  ore-body  is  now,  except  that  it  may  have  been  somewhat 
shattered  along  the  fracture-planes  that  are  supposed  to  have 
determined  the  course  of  the  ore-bearing  currents,  whether  of 
gas  or  liquid.  The  interstices  between  the  fragments  must, 
therefore,  have  been  more  or  less  completely  filled  by  the  finest 
tuff-material ;  and  this  was  removed  as  the  metallic  minerals 
were  deposited,  the  ore-bearing  materials  eating  through  this 
more  or  less  porous  material  until  they  reached  the  fragments 
or  boulders  of  compact  lava,  when  they  were  precipitated  on  the 
periphery  of  these  boulders.  Except  for  the  absence  of  earthy 
gangue-minerals,  the  results  of  this  deposition  difter  in  no  way, 
as  far  as  could  be  observed,  from  those  that  have  been  noted 
in  deposits  which  were  undoubtedly  made  from  aqueous  solu- 
tion, and  the  resemblance  extends  to  the  more  complete  round- 
ing of  the  rock-fragments,  which  is  an  almost  invariable  result 
of  the  action  of  aqueous  solutions. 
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The  Bull-Domingo  Mine. 

The  Blue  mountains  are  a  group  of  isolated  hills  rising  out 
of  the  gently  sloping  plains  on  the  west  flanks  of  the  "Wet 
^Mountain  range.  Evidently  they  once  formed  part  of  the  origi- 
nal Wet  Mountain  plateau,  or  peneplain,  and  have  resisted  ero- 
sion to  a  greater  degree  than  the  plains  around  them  through 
the  more  enduring  character  of  the  rocks  of  which  they  are 
composed. 

They  consist  of  a  central  ridge  of  augite-gneiss  of  massive 
texture,  with  two  curving  ridges  branching  off  from  the  southern 
end,  the  western  of  which  is  of  the  same  rock,  while  the  eastern 
is  more  clearly  banded,  and  passes  into  hornblende  and  biotite- 
gneiss.  In  the  depression  between  these  and  the  central  ridge 
is  a  white  muacovite-gneiss,  with  neither  hornblende  nor  biotite. 
The  foliation  has  a  prevalent  strike  between  N.  40°  E.  and  N. 
75°  E.,  with  a  dip  of  40°  to  90°  to  the  northwest.  In  the 
northern  part  of  the  hills  this  strike  bends  more  to  the  north- 
west. Dikes  of  granite,  syenite  and  diabase  traverse  these 
rocks.  The  former  generally  runs  parallel  to  the  banding  or 
foliation  of  the  gneiss. 

At  the  southern  end  a  ravine,  running  southward,  splits  the 
group  into  two  rather  unequal  parts.  On  the  spur  west  of  this 
ravine  is  a  narrow  dike  of  red  fine-grained  S3'enite  running 
about  I^.  25°  E.  and  dipping  79°  to  the  southeast.  A  short  dis- 
tance to  the  east  of  this  dike  is  a  somewhat  thicker  dike-like 
body  of  pink  granite,  which  has  strike  to  the  northeast,  with 
the  foliation  of  the  gneiss,  and  which  dips  79°  to  the  north- 
west. Within  the  angle  formed  by  these  diverging  dikes,  and 
at  the  foot  of  the  steeper  slope  of  the  hills,  was  the  outcrop  of 
the  Bull-Domingo  ore-body,  now  a  round,  bowl-shaped  hole,  70 
to  100  feet  in  diameter,  and  perhaps  30  feet  in  depth. 

Mode  of  Occurrence  of  the  Ore. — The  Bull-Domingo  ore-body 
has  been  generally  classed  with  that  of  the  Bassick  mine  as  a 
deposit  in  a  volcanic  neck,  a  very  unusual  form  of  ore-deposi- 
tion. The  ore  itself,  consisting  of  concentric  shells  of  brilliant 
crystalline  galena  and  spar,  forming  coatings  around  rounded 
boulders  of  country-rock,  is  even  more  striking  in  appearance 
than  that  of  the  Bassick  mine. 

Our  studies  of  this  deposit,  comprising  two  or  three  visits 
made  in  different  years  when  the  mine  happened  to  be  in  active 
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operation,  liave  been  somewhat  less  unsatisfactory  than  those  of 
the  Bassick  mine ;  yet  our  examination  has  been  necessarily 
incomplete,  as  the  workings  soon  become  inaccessible  after  the 
ore  has  been  extracted,  owning  to  the  crumbling  of  most  of  the 
country-rock. 

A  general  idea  of  the  form  and  character  of  the  deposit  will 
be  best  obtained  by  reference  to  the  plan  and  section  in  Figs,  5 
and  6,  respectively.  Fig.  5  gives  all  the  reliable  data  it  has 
been  possible  to  obtain  with  regard  to  the  phenomena  on  the 
principal  levels  of  the  mine,  projected  on  a  horizontal  plane. 
The  outlines  of  the  ore-body  there  given  are  those  furnished 
by  the  mine-surveyor,  as  it  was  impossible  to  obtain  them  by 
personal  observation.  They  indicate,  therefore,  rather  the  limit 
of  pay-ore  than  the  actual  geological  boundary  of  the  area  of 
ore-deposition,  but  are  necessarily  within  tlie  limits  of  the 
latter. 

In  the  section  on  line  AB,  Fig.  6,  is  given  the  form  of  the 
pay-ore  body,  as  constructed  from  similar  data.  It  has  been 
impossible,  how^ever,  to  determine  accurately  the  form  of  the 
conglomerate-body  which  incloses  this  ore-body,  and  contains 
more  or  less  ore,  disseminated  in  scattered  grains  and  crys- 
tals. 

3Iineralogical  Character  of  the  Ore. — The  boulders  or  rock- 
fragments  which,  though  they  carry  no  metallic  minerals  within 
their  mass,  constitute  the  largest  and  most  striking  part  of  the 
ore-body,  are  pieces  of  the  adjoining  country-rock  (gneiss,  gran- 
ite, or  sj^enite),  which  were  all  evidently  once  angular,  but 
which,  through  some  agency,  have  become  more  or  less  rounded. 
The  gneiss,  as  might  be  expected  from  its  softer  and  more 
easily  decomposable  character,  is  more  completely  rounded  than 
the  other  rocks  and  is  generally  pretty  thoroughly  decomposed ; 
but  even  this  has  sometimes  angular  outlines  on  one  side.  The 
granite  is  also  pretty  well  rounded,  as  a  rule,  but  is  less  decom- 
posed than  the  gneissic  boulders.  Both  gneiss  and  granite  are 
rich  in  quartz,  and  the  latter  generally  resembles  the  rock  of 
the  dike-mass  of  pink  granite  which  outcrops  just  east  of  the 
shaft-house.  The  syenite,  on  the  other  hand,  which  is  exactly  like 
the  rock  of  the  dike  (red,  fine-grained,  and  without  quartz),  is 
almost  invariably  angular,  only  the  sharper  edges  being  slightly 
rounded  and  the  rock  entirely  unaltered.     The  boulders  vary 
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in  size  veiy  greatly;  some  are  several  feet  in  diameter,  but,  as 
a  rule,  they  are  from  1  foot  clown  to  2  or  3  inches.     The  matrix 

Fig.  6. 
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Section  through  Bull-Domingo  Mine-Workings. 

between  the  boulders  is  of  the  same  material  as  the  boulders 
themselves,  but  is  very  fine-grained.  It  is  mostly  decomposed 
and  disintegrated  gneiss,  with  occasional  pebbles  and  grains  of 
granite  and  syenite. 
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The  minerals  deposited  around  these  boulders  are  usually 
few  in  number,  comprising  galena  (generally  well  crystallized) ; 
zinc-blende  (of  the  dark  ferriferous  variety,  and  usually  in 
fibrous  rather  than  crystalline  form) ;  pyrite  (disseminated  in 
very  limited  amount  through  portions  of  the  body);  and  as 
earthy  or  gangue-minerals,  calcite,  dolomite,  ankerite  or  sider- 
ite,  and  quartz  (usually  in  the  form  of  chalcedony).  The  shell 
formed  of  some  or  all  of  these  minerals  is  generally  from  a  half- 
inch  to  an  inch  thick.  As  a  rule,  it  completely  surrounds  the 
boulder ;  in  other  words,  there  is  usually  a  double  band  separ 
rating  two  adjacent  boulders.  But  sometimes  the  bands  are 
wanting,  and  the  boulders  are  in  actual  contact.  Three  or 
more  adjoining  boulders  usually  enclose  a  small  open  vug-like 
space  not  filled  by  the  bands  of  vein-material. 

The  order  of  deposition  of  these  minerals  appears  to  have 
been  as  follows  :  The  first  band  around  the  boulder  is  either 
galena  alone,  or  more  generally  galena  and  zinc-blende  inter- 
changeably, and  separated  by  no  sharp  dividing  line ;  the  ga- 
lena, however,  being  crystalline,  and  the  zinc-blende  amorphous 
or  fibrous  in  structure.  Upon  this  band  is  sometimes  a  slight 
coating  of  dull,  lusterless  galena  in  octahedral  crystals.  A  few 
specks  of  pyrite  are  sometimes  associated  with  these  minerals. 
Outside  the  metalliferous  bands  comes  the  various  spars,  which 
always  form  the  interior  lining  of  vugs.  The  order  of  depo- 
sition of  these,  as  observed  in  some  of  the  larger  vugs,  is  (1) 
white  dolomite;  (2)  ankerite  or  siderite;  (3)  light-colored  cal- 
cite ;  (4)  white  or  yellow  chalcedony  in  botryoidal  form. 

The  silver  seems  to  be  mostly  in  the  galena.  The  coarse- 
grained galena  runs  79  to  82  per  cent,  in  lead,  and  carries  about 
68  ounces  of  silver  per  ton.  The  fine-grained  galena,  on  the 
other  hand,  is  considered  to  contain,  on  the  average,  less  of 
either  metal. 

Form  of  the  Ore-Body. — From  a  geological  standpoint,  the 
outlines  of  the  zone  or  channel  of  conglomerate  or  breccia,  the 
impregnation  of  which  constitutes  the  ore-body,  are  more  im- 
portant than  those  of  the  ore-body  itself.  But  as  it  was  only 
in  the  pay-mineral  that  the  owners  of  the  mine  were  interested, 
they  paid  little  attention  to  the  extent  or  form  of  the  barren 
boulder-mass  which  surrounded  it. 

It  was,  however,  found  as  a  matter'  of  practical  experience, 
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that  there  was  no  sharp  hne  of  division  bc^tween  pay-ore  and 
barren  boulder-mass,  but  that  the  one  graduated  insensibly  into 
the  other.  On  the  other  hand,  the  ore-body  generally  had  one, 
sometimes  two  or  more,  sharp  boundary-lines,  evidently  planes 
of  fracture,  which  were  often  accompanied  by  a  change  of  rock 
on  the  other  side  to  granite  or  syenite,  as  the  case  might  be. 
Granite  was  generally  found  on  the  hanging-  or  northeast  wall 
of  the  ore-chaimel.  Syenite,  when  it  was  found,  was  on  the 
west  wall,  and  had  nearly  the  strike  of  the  syenite  dike  at  the 
surface.  Thus,  on  the  150-foot  level,  the  ore-body  appeared  to 
have  a  rudely  elliptical  shape,  90  by  40  feet  in  dimensions,  with 
a  wall  of  granite  on  the  northeast;  it  passed  into  solid  gneiss 
on  the  northwest,  while  on  the  southeast  gide  it  graduated  every- 
where into  a  barren  conglomerate. 

On  the  250-foot  level  the  syenite  dike  was  observed  on  the 
northwest  side  of  the  ore-body,  though  apparently  not  in  imme- 
diate contact  with  the  pay-ore.  No  granite  was  here  detected 
on  the  hanging  or  northeast  wall,  but  a  wall  was  found  on  the 
east,  running  north  and  south  with  nearly  vertical  dip. 

At  the  550-foot  level,  the  ore-body  lies  about  150  feet  north 
of  the  shaft.  On  this  level  the  miners  thought  they  had  two 
ore-bodies,  one  east  of  the  other,  and  each  having  a  longer  axis 
north  and  south,  with  a  barren  zone  of  boulder-conglomerate 
between  them.  Both  ore-bodies  were  surrounded  by  barren 
conglomerate,  except  on  the  north,  where  there  seemed  to  be  a 
pretty  well-defined  hanging-wall.  On  the  west  the  space  be- 
tween the  boulders  was  largely  occupied  by  calcite  and  other 
spars,  but  carried  no  ore.  There  was  the  appearance  on  this 
side  of  a  wall  running  north  and  south,  but  exploration  had  not 
been  carried  systematically  to  the  limits  of  the  boulder-zone,  so 
that  it  was  impossible  to  define  its  shape ;  and  it  can  only  be 
said  that  its  greatest  extent  apparently  lies  in  a  northwest-south- 
east direction,  as  above,  and  that  it  appears  to  have  grown 
larger  in  depth. 

At  the  angle  of  the  drift  connecting  the  shaft  with  the  ore- 
body  a  drift  to  the  northwest,  just  before  the  ore-body  is 
reached,  follows  a  narrow  zone  of  what  appears  to  be  a  friction- 
breccia,  where  both  walls  and  rock-fragments  are  highly  de- 
composed gneiss ;  the  inclosed  fragments  are  rounded,  as  if  by 
the  disintegrating  action  of  percolating  waters,  for  the  matrix 
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is  the  same  material  as  the  boulders,  only  a  little  more  disinte- 
grated, and  seems  to  curve  around  the  boulders,  as  if  it  had 
gradually  flaked  off.  This  boulder-zone  is  like  that  in  which 
the  ore-body  occurs,  except  that  the  average  size  of  the  boul- 
ders is  much  smaller,  and  no  granite  or  syenite  fragments  were 
found  in  it.  It  is  about  10  feet  wide,  and  was  followed  a  con- 
siderable distance,  the  exact  length  of  the  drift  being  unknown, 
as  it  had  caved  in.  A  similar  boulder-zone,  said  to  have  been 
cut  in  the  350-foot  level,  could  not  be  examined.  It  may  be  on 
the  same  fracture-plane  or  on  a  parallel  one.  The  dike  of  pink 
granite  was  also  cut  in  the  550-foot  level,  a  short  distance  from 
the  shaft,  and  crossing  the  drift  at  an  acute  angle,  as  shown  on 
the  plan.  Fig.  5. 

In  a  general  way  the  phenomena  seem  to  be  on  a  larger  scale 
at  this  level  than  on  those  above.  The  boulders  are  larger  on 
the  average,  the  scales  of  minerals  thicker;  the  galena  gener- 
ally of  larger  grain  and  in  greater  proportion  as  compared  with 
the  zinc-blende,  and  the  vug-like  spaces  between  the  boulders 
larger  and  more  frequent. 

ISTo  fragments  of  recent  eruptive  rock  were  observed  among 
the  boulders  in  the  mine  or  ore-bins ;  and,  indeed,  with  the  ex- 
ception of  a  single  pebble  of  quartz-porphyry  (which  carried  no 
mineral  scales),  no  rock  other  than  gneiss,  granite,  or  syenite 
was  observed  in  the  mine  at  all. 

With  regard  to  work  done  in  the  mine  since  the  summer  of 
1890,  the  writer  has  been  unable  to  obtain  any  information. 
It  is  his  impression  that  the  mine  was  closed  down  soon  after 
his  visit  at  that  time. 

Genesis  of  the  Ore. — The  facts  above  enumerated  with  regard 
to  this  ore-deposit,  though  unfortunately  meager  and  incom- 
plete, are  sufficient  to  show  a  certain  resemblance  between  it 
and  that  of  the  Bassick  mine.  It  is  quite  possible,  however, 
that  if  it  had  been  practicable  to  study  both  deposits  more  ex- 
tensively, the  points  of  difference  would  have  been  found  to  be 
more  numerous  or  more  pronounced.  The  striking  points  of 
resemblance  are,  of  course,  that  the  ore  occupies  a  nearly  verti- 
cal, chimney-like  channel  in  a  conglomerate  or  breccia-mass : 
and  that  the  minerals  are  deposited  in  concentric  scales  around 
the  boulders  or  rock-fragments.  The  points  of  contrast  are : 
(1)  that  the  Bassick  ore-body  occurs  not  only  in  the  midst  of 
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recent  igneous  rocks,  but  in  what  appears  to  have  been  the 
actual  vent  or  channel  through  which  an  explosive  eruption 
took  place,  while  the  Bull-Domingo  ore-bocly  is  entirely  in  very 
ancient  rocks,  and  the  nearest  known  recent  igneous  rocks  are 
almost  a  mile,  and  their  probable  vent  twice  as  far,  away;  (2) 
that,  while  the  Bassick  deposits  are  almost  exclusively  of  min- 
erals that  might  have  been  deposited  from  gaseous  solutions, 
those  of  the  Bull-Domingo  are  pronouncedly  such  as  must  have 
been  formed  by  aqueous  deposition.  Moreover,  the  exposed 
evidences  of  fracturing  and  faulting  are  much  more  frequent 
and  pronounced  in  the  Bull-Domingo  than  in  the  Bassick  mine  ; 
and  although  this  may  result  in  part  from  the  better  opportuni- 
ties for  personal  examination  afforded  in  the  former  case,  the 
fact  that  walls  of  solid  rock  are  found  within  limited  distances 
from  its  ore-body,  and  the  general  elongated  form  indicated  for 
the  boulder-  or  conglomerate-zone  or  chimnev,  are  valid  indica- 
tions  of  a  difterence  in  origin  and  manner  of  formation  from 
the  Bassick  agglomerate.  To  arrive  at  a  completely  satisfactory 
conclusion  in  regard  to  the  genesis  of  the  Bull-Domingo  boulder- 
zone,  it  would  be  necessary  to  have  access  to  a  much  larger 
portion  of  the  country-rock  surrounding  the  ore-shoots  than 
would  have  been  possible,  even  had  all  the  existing  drifts  been 
open  to  observation. 

In  the  present  state  of  his  knowledge,  therefore,  the  conclu- 
sion of  the  writer  is  that,  although  craters  of  explosion  are 
known  to  exist  in  which  the  materials  thrown  out  have  in  part 
fallen  back  and  filled  up  the  orifice  from  which  they  were 
ejected  (such,  for  instance,  as  the  Maare  of  the  Eifel,  or,  to 
quote  an  instance  nearer  at  hand,  the  Coon  Butte  in  Arizona), 
the  Bull-Domingo  ore-channel  can  hardly  be  considered  to  have 
been  such  a  crater  of  explosion,  but  was  primarily  formed  by 
the  complicated  intersection  of  a  number  of  fracture-planes, 
which  produced  a  zone  of  broken  country-rock,  in  which  the 
included  fragments  may  have  been  somewhat  rounded  by  attri- 
tion, but  were,  more  probably,  completely  rounded  by  the  sol- 
vent action  of  percolating  solutions.  It  seems  quite  possible 
that,  at  the  same  time,  explosive  eruptions  of  igneous  rocks  were 
taking  place  in  the  adjoining  regions ;  and  by  the  force  of  such 
explosions  heated  gases  or  waters  may  have  been  injected 
through  the  fissures  of  the   surrounding  country-rocks,  and, 
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passing  through  this  broken  zone,  may  have  rendered  more  com- 
plete, partly  by  attrition  and  partly  by  solvent  action,  the  round- 
ing of  the  rock-fragments  in  this  zone,  and  in  that  case  probably 
may  have  ejected  some  of  them  from  near  the  then  existing 
surface.  As  it  is  probable,  however,  that  several  hundred  feet 
of  rock-material  have  been  eroded  off  the  surface  since  that 
time,  it  is  not  conceivable  to  the  writer  that  such  fragments 
could  have  fallen  back  freely  into  such  a  narrow  and  intricate 
channel  as  this  appears  to  have  been.  At  the  best,  such  a  hy- 
pothesis seems  at  present  purely  conjectural,  and  not  directly 
proved  by  known  facts. 

The  deposition  of  the  ore  seems  distinctly  to  have  been  made 
by  aqueous  solutions,  and  not  to  differ  essentially,  except  in  the 
form  of  the  ore-channel,  and  the  character  of  its  previous  filling, 
from  that  of  the  ordinary  vein-deposit.  More  or  less  rounded 
fragments  of  country-rocks  coated  with  concentric  shells  of 
metallic  and  other  vein-minerals  are  known  to  occur  in  well- 
defined  fissure-veins.  Instances  are  noted  in  the  present  paper 
in  the  case  of  the  Humboldt  vein.  But  in  such  cases  there  is 
no  evidence  that  the  manner  of  deposition  of  the  mineral  has 
been  different  from  that  in  other  parts  of  the  vein. 

In  the  case  of  the  Bull-Domingo  mine,  as  has  already  been 
said  with  regard  to  the  Bassick  ore-body,  it  is,  in  the  opinion  of 
the  writer,  quite  within  the  bounds  of  possibility,  and  even  of 
probability,  that  further  explorations  beyond  the  line  of  the 
present  ore-chimney,  along  lines  of  fracturing  and  faulting,  may 
disclose  other  valuable  ore-bodies,  the  existence  of  which  is  not 
suspected  at  present. 

Mines  in  Rhyolite  near  Silver  Cliff. 

Geological  Sketch. — The  rhyolite  area  near  Silver  Cliff*  includes 
what  may  be  called  the  Silver  Cliff  plateau,  with  Round  moun- 
tain and  the  intervening  valley.  The  plateau  is  about  2  miles 
long  and  1  mile  wide.  From  its  northern  part  rise  the  White 
hills,  which  have  no  special  topographic  importance,  as  their 
highest  point  is  only  400  feet  above  the  northern  edge  of  the 
rhyolite  mass.  Round  mountain,  on  the  other  hand,  is  a  quite 
sharply  pointed  conical  hill,  so  steep-sided  as  to  constitute  an 
important  topographic  feature,  although  its  elevation  above  the 
plains  around  it  is  barely  700  feet.     The   summit  of  Round 


SOME    MINES    OF    ROSITA    AND    SILVER    CLIFF,   COLORADO.        801 

mountain  is  dense  banded  rliyolite,  witli  steep,  irregular  dip ; 
the  southern  end  is  breccia  containing  fragments  of  the  banded 
rock.  There  are  slight  exposures  of  glassy  forms  of  rhyolite 
on  the  lower  slopes.  On  the  east,  the  Arch?ean  rocks  extend 
half-way  up  the  side  of  the  mountain,  and  the  contact  between 
them  and  the  rhyolite  is  vertical,  or  dips  steeply  to  the  west. 
This  mountain  is  supposed  to  be  at  the  vent  from  which  the 
rhyolite  of  the  plateau  was  poured  out. 

The  Silver  Cliff  plateau  occupies  the  site  of  a  former  basin,  in 
which  at  one  time  there  was  probably  a  lake.  At  the  time  of 
the  rhyolitic  outburst  of  the  Rosita  hills  there  was  a  local  erup- 
tion of  the  same  character  in  this  region,  commencing  with 
showers  of  volcanic  ash  and  of  rock-fragments,  which  filled  the 
lake  and  built  up  about  it  hills  which  have  since  been  removed 
in  great  measure  by  erosion.  At  present  the  southern  half  of 
the  plateau  is  capped  by  solid  lava  to  a  depth  in  places  of  150 
feet.  The  cliff  of  blackened  rhyolite  on  the  southern  edge, 
where  the  main  discovery  of  ore  was  made,  is  30  to  50  feet 
high.  In  many  places,  as  in  the  Vanderbilt  mine,  the  rock  is 
plainly  fragmental  and  stratified,  and  has  a  well-defined  dip. 
The  contact  of  Archaean  and  rhyolite  along  the  w^estern  border 
is  a  gently  undulating  surface,  and  in  most  of  the  prospect-holes 
the  Archaean  is  much  broken  and  resembles  a  breccia.  The 
northern  half  of  the  area  is  breccia  and  tuff,  except  a  few  dikes 
of  massive  rock.  At  the  Songbird  and  Mountain  View  mines, 
and  along  the  western  border  generally,  the  gneiss  under  the 
rhyolite  has  been  much  altered  and  is  locally  ore-bearing,  car- 
rying magnetite,  pyrite,  and  some  galena,  as  in  the  Immortal 
and  Keystone  mines.  Near  the  Sunrise,  and  along  the  eastern 
border  as  far  south  as  the  Vanderbilt,  the  rock  is  a  finely- 
bedded  tuff",  dipping  south  and  west.  The  thickness  of  frag- 
mental material  below  the  highest  point  of  the  hills  is  more  than 
550  feet.  These  beds  terminate  abruptly  to  the  south  along 
an  east  and  west  line  running  near  the  Vanderbilt,  which  Mr. 
Cross  thinks  may  be  a  fault-line. 

The  massive  rock  is  everywhere  characterized  by  a  banded 
or  fluidal  structure,  and  in  it  topaz  and  garnet  have  been  found. 
Under  the  massive  lava  on  the  southern  portion  of  the  plateau 
is  pitchstone  or  glassy  rhyolite,  about  50  feet  thick,  with  about 
as  much  more  below,  containing  spherulites,  which,  when  de- 
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composed,  form  a  boulder-zone.  These  glassy  rocks  outcrop 
around  the  cliiF  to  the  south  and  east,  and  are  found  in  cellars 
in  the  town  of  Silver  Cliff. 

Surface-Deposits. — The  original  outcrop  of  the  ore-bearing 
rhyolite  on  the  Silver  Cliti'  and  Racine  Boy  claims  was  appar- 
ently nothing  more  than  the  ordinary  banded  rhyolite,  stained 
and  blackened  by  oxides  of  manganese,  extensively  cracked 
and  fissured,  and  carrying  little  flakes  of  chloride  of  silver  in 
the  cracks.  As  far  as  known,  no  other  metallic  minerals  were 
detected,  nor  was  there  any  definite  boundary  or  regularity  of 
form  to  the  part  that  constituted  the  ore.  An  area  several 
hundred  feet  in  diameter  and  30  to  50  feet  thick  was  thus 
found  to  be  ore-bearing.  When  examined  by  us  in  the  quarry, 
the  principal  set  of  joints  or  rock  fractures  were  observed  to 
run  nearly  northwest  and  southeast,  and  it  was  on  these  that 
the  most  silver  was  found.  On  some  of  these  cracks  was  a 
considerable  coating  of  clear  black  manganese  oxide ;  in  others, 
where  there  was  more  iron  oxide,  the  coating  had  a  metallic 
luster ;  and  it  was  on  the  latter,  according  to  the  observations 
of  the  miners  who  were  sorting  the  ore,  that  the  principal 
values  were  found.  A  set  of  secondary  joints  or  fractures, 
crossing  the  main  joints  nearly  at  right  angles  and  reaching  to 
the  surface,  could  be  observed  along  the  benches  of  the  quarry. 
These  also,  were  heavily  coated  with  manganese  oxide,  and 
carried  ore.  It  was  but  rarely,  at  that  time,  that  the  flakes  of 
horn-silver  could  be  detected  by  the  naked  eye.  Our  observa- 
tions indicated  that  the  horn-silver  was  more  frequently  de- 
posited on  small  cracks,  adjoining  those  filled  b}^  iron  and 
manganese  oxides,  and  apparently  of  later  formation.  The 
light-colored  mass  of  the  rock  had  a  faint  pink  tinge,  and  a 
specimen  analyzed  contained  0.06  per  cent,  of  manganese  oxide. 
It  was  the  experience  of  the  miners  that  the  silver-values  did 
not  occur  outside  of  the  stained  zone. 

"When  the  ore-body  was  first  worked,  it  is  said  to  have  con- 
tained from  35  to  50  ounces  of  silver  per  ton,  but  it  gradually 
decreased  in  value  as  it  was  taken  at  a  greater  distance  from 
the  surface.  It  is  said  that,  while  the  mills  were  running, 
the  rock  was  not  sorted,  but  sent  in  bulk  to  the  crusher.  The 
last  mill-runs  are  said  to  have  assayed  only  about  7  ounces  to 
the  ton,  and  the  greater  part  of  this  went  ofl"  in  the  tailings. 
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The  ore  taken  from  the  quarry  was  sorted,  so  as  to  average 
50  to  60  ounces  per  ton  at  one  time ;  but  this  fell  off  later,  and 
it  was  apparently  so  low  finally  as  not  to  pay  for  working. 

It  has  been  a  cause  of  much  fruitless  speculation  that  the 
amalganuiting  mills  were  so  unsuccessful  in  treating  this  ore. 
It  is  generally  conceded  that  much  the  larger  portion  of  the 
silver  was  carried  away  in  the  tailings,  which  were  afterwards 
profitably  concentrated  by  hand-jigs.  A  sample  of  these  tail- 
ings, carefully  quartered  down,  yielded  in  the  laboratory  of  the 
survey  0.13  per  cent,  of  sulphur,  which  is  sufficient  to  combine 
with  the  silver  contained  and  form  sulphides.  It  is  also  said 
that  a  small  amount  of  antimony  has  been  found  in  the  ore  by 
those  who  smelted  it. 

If  the  silver  is  generally  in  the  form  of  sulphide,  it  would 
naturally  be  difficult  of  amalgamation,  and  the  presence  of  an- 
timony would  heighten  that  difficulty. 

Small  amounts  of  ore  were  also  found  near  the  surface  at 
many  other  points  on  the  plateau,  which,  though  not  compara- 
ble in  amount  to  the  Silver  Cliff  body,  were  sufficient  to  en- 
courage prospecting  to  such  an  extent  that  over  400  prospect- 
holes  were  counted  there  at  the  time  of  our  examination.  For 
the  most  part  they  had  been  already  abandoned,  and  there  was 
nothing  to  show  how  the  ore,  if  any  there  was,  occurred. 
Among  the  more  prominent  ones,  which  actually  produced 
considerable  values,  may  be  named  the  Boulder,  Vanderbilt, 
King  of  the  Valley  and  Silver  Bar  (formerly  the  Kate). 

Deep  Deposits  of  the  Geyser  Mine. 

The  only  mine-workings  that  have  extended  to  any  consider- 
able depth  on  the  plateau,  say  over  100  feet,  are  those  of  the 
Security-Geyser  mine.  As  far  as  is  known,  the  ore  of  all  the 
plateau-deposits  had  given  out,  really  or  apparently,  within 
considerably  less  than  100  feet  of  the  surface.  The  ore  was 
always  chloride  of  silver  where  its  character  could  be  dis- 
tinguished. That  from  the  Kate  (Silver  Bar)  claim,  worked  in 
early  days,  is  said  to  have  contained  some  gold  also ;  but  this  is 
the  only  case  reported  and  the  statement  has  not  been  verified. 
It  does  not  seem  likely  that  silver  would  be  accompanied  by 
gold  in  one  place  and  free  from  it  in  all  the  others.  As  will  be 
seen  later,  of  the  two  shipments  to  smelters  of  ore  from  the  bot- 
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torn  of  the  Geyser  shaft,  one  contained  only  one-tenth  of  an 
ounce  of  gold  per  ton,  the  other  but  a  trace. 

It  is  only  through  the  underground  workings  of  the  Geyser 
shaft,  therefore,  that  it  has  been  possible  to  obtain  any  informa- 
tion with  regard  to  the  conditions  of  ore-deposition  in  depth. 
The  data  which  it  has  been  possible  to  obtain  with  regard  to 
them  in  occasional  visits  during  past  years  will  therefore  be 
given  in  considerable  detail. 

The  Geyser  shaft,  as  it  is  now  called,  is  located  350  feet  north, 
a  little  west,  of  the  mouth  of  the  adit  leading  from  the  floor  of 
the  Silver  CliiF  quarry,  and  its  collar  is  104  feet  above  that 
level.  It  was  originally  intended  to  sink  the  shaft  only  500 
feet,  it  being  supposed,  from  the  position  of  the  various  observ- 
able contacts  of  the  rhyolite  with  the  underlying  Archaean,  that 
the  former  was  a  rather  shallow  body,  and  that  the  underlying 
granite  and  gneiss  would  be  reached  within  the  depth  named. 
It  was,  later,  decided  to  prepare  for  greater  depths,  and  the 
hoisting-machinery  was  given  greater  capacity.  The  limit  of 
this  capacity  was  reached  in  the  summer  of  1894,  when  a  depth 
of  2100  feet  was  attained.  Entirely  new  and  hea\ier  ma- 
chinery, with  a  capacity  of  4500  feet,  was  then  ordered,  which 
is  now  (May,  1896)  in  working-order,  and  sinking  has  been 
resumed. 

Mine-Levels. — The  first  exploring-levels  or  drifts  were  started 
at  a  depth  of  500  feet.  These  were  run  500  feet  west  and  700 
feet  east ;  likewise  some  distance  in  a  southerly  direction.  At 
750  feet  levels  were  run  to  the  east  and  south,  and  one  branch 
passed  directly  under  the  quarry.  Below  this,  levels  were  run 
at  1450  feet,  1850  feet,  2000  feet  and  2100  feet  from  the  sur- 
face, respectively.  The  general  direction  of  exploration  in 
these  levels  appears  to  have  been  to  the  west  and  northwest,  but 
the  1450-foot  level  had  a  drift  running  southward.  Accurate 
maps  of  the  respective  levels  could  not  be  obtained,  but,  in  a 
general  way,  it  is  estimated  that  the  main  exploring-drifts  have 
a  linear  extent  of  about  1|  miles  at  the  different  levels,  and  that 
about  600,000  square  feet  of  area  were  more  or  less  thoroughly 
explored.  The  section  in  Fig.  7  gives  a  somewhat  diagram- 
matic representation  of  the  ground  explored. 

Country-Rocks. — For  the  first  150  feet  the  shaft  passed  through 
banded  rhyolite.     In  the  tunnel  leading  to  the  shaft,  a  narrow 
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zone  or  band  of  this  rock  was  found  to  be  changed  into  aplastic 
white  clay,  which  was  almost  pure  kaolin. 

Below  the  solid  rhyolite  was  about  50  feet  of  pitchstone,  then 
about  the  same  thickness  of  the  boulder  or  spherulitic  zone. 
Veins  and  crystals  of  calcite  were  found  in  the  rhyolite  under 
the  pitchstone.  From  250  feet  down  to  about  1900  feet  the 
shaft  passed  through  white  rhyolitic  tuff  and  breccia,  the  former 
often  distinctly  stratified  and  generally  looking  like  white  sand- 
stone, much  kaolinized.  The  breccia  varies  from  fine  to  coarse, 
and  contains  fragments  of  all  the  varieties  of  Arcluiean  rocks 
found  in  the  region ;  but  no  eruptive,  other  than  rhyolite,  was 
observed  among  the  fragments.  Some  of  the  Archaean  frag- 
ments are  kaolinized  and  disintegrated ;  others  are  quite  fresh. 
The  green  decomposition-product  of  hornblende  and  mica  was 
in  one  place  thought  to  be  a  copper-stain. 

Here  and  there  through  the  tuff,  as  far  as  the  2000-foot  level, 
fragments  of  charcoal  or  carbonized  wood  were  observed  (the 
special  localities  are  marked  by  a  cross  on  the  section  in  Fig. 
7).  At  335  feet,  pieces  2  feet  long  are  said  to  have  been  found 
in  the  shaft. 

The  bedding  of  the  tuff  was  found  to  be,  for  the  most  part, 
nearly  horizontal.  In  the  shaft,  a  slight  dip  to  the  west  was 
noted  at  times  for  considerable  vertical  distances.  In  the  drifts, 
the  dip  to  the  west  or  northwest  is  more  marked,  in  a  general 
way,  to  the  southeast  of  the  shaft,  and  in  one  place,  for  a  short 
distance,  this  dip  was  75°.  In  the  shaft  there  appears  to  have 
been  a  somewhat  irregular  alternation  of  white  tuff  and  brec- 
cia. For  instance,  the  former  was  found  continuously  from  775 
to  905  feet,  and  from  there  to  1000  feet  the  rock  was  mostly 
breccia,  at  times  with  so  many  large  fragments  of  Archaean,  up 
to  2h  feet  in  diameter,  that  it  was  thought  the  solid  formation 
would  soon  be  reached. 

The  shaft  actually  entered  the  granite  and  gneiss  of  the 
Archaean  near  the  1850-foot  level.  Where  cut  in  the  drifts 
below,  the  contact  of  rhyolitic  tuff  or  breccia  and  Archaean  ap- 
pears to  be  on  fault-planes.  The  Archaean  consists  of  mica-  and 
hornblende-schists  cut  by  red  granite.  These  rocks  are  frac- 
tured and  sheeted  in  a  direction  parallel  to  the  ore-bearing  veins 
in  the  rhyolite ;  but  the  actual  contact  apparently  does  not,  as 
might  be  assumed  from  the  section  in  Fig.  7,  conform  in  every 
VOL.  XXVI. — 52 
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respect  to  these  planes.     The  intersections  of  the  contact  by 
drifts  are  too  few  to  permit  the  tracing  of  the  shape  of  the 


1 


Fig.  7 


-:2V00  ft.  Level 


Section  through  Geyser  Shaft. 


ArchfPmi  wall  that  incloses  the  rhyolite.  It  was  noted,  however, 
that  the  drifts  pass  out  of  the  Archj^an  into  rhyohtic  breccia  as 
they  go  north-northwest  or  west  from  the  shaft. 

In  the  2100-foot  level,  drifts  run  only  north  and  west,  and 
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tlie  contact,  as  contrasted  with  that  in  the  level  above,  has  an 
inclination  to  the  northeast.  The  contact  on  this  level  is  not 
sharp  and  well  defined,  hut  rather  a  broken  zone,  tirst  of  very 
coarse  fragments  of  granite  and  gneiss,  then  of  normal  rhyo- 
litic  breccia,  with  small  fragments  of  granite  and  gneiss.  The 
three  lower  levels  have  been  run  300  to  500  feet  north  and  w^est 
in  this  material,  which  is  sometimes  hard  and  jaspery  and  of 
dark  red  color,  but  bleaches  on  exposure  to  the  air.  It  is  tra- 
versed by  planes  of  movement,  sometimes  irregular  and  curv- 
ing, but  all  having  a  general  northwest  strike.  Beyond  one  of 
these  planes  is  a  dark  bluish  rock,  supposed  by  the  miners  to 
be  limestone  because  it  effervesces  freely  with  acid,  but,  on  mi- 
croscopic examination,  found  to  be  a  decomposed  basic  eruptive, 
containing  considerable  calcite. 

Ore-Bodies. — Xo  defined  ore-body  was  found  until  the  1850- 
foot  level  was  reached.  Thin  films  or  stains  of  metallic  sul- 
phides, said  to  assay  high  in  silver,  occurred  occasionally  in  the 
shaft  and  in  some  of  the  drifts,  lining  delicate  cracks  in  the 
tuft',  and  sometimes  also  in  the  Archanin  fragments.  On  the 
1450-foot  level,  about  450  feet  south  of  the  shaft,  it  is  said  that 
there  was  found  in  the  white  tuff"  a  quarter-inch  seam  of  ruby 
silver  and  argentite,  with  crystalline  calcite,  which  had  a  general 
course  north-northwest,  and  was  traced  about  50  feet,  when  it 
disappeared. 

The  main  ore- vein  was  first  found  in  the  1850-foot  level,  about 
200  feet  nortliAvest  of  the  shaft,  as  a  narrow  seam,  a  fraction  of 
an  inch  wide,  with  barite  and  calcite  gangue,  which  widened,  as 
it  was  followed,  to  4  or  5  inches,  mostly  of  galena,  and  narrowed 
again  to  a  mere  knife-edge  seam  in  about  150  feet.  A  few 
nearly  parallel  seams,  containing  only  calcite  and  barite,  were 
observed  near  it.  This  vein  was  traced  by  a  winze  dowmward, 
and  was  cut  afterwards  in  the  2000-foot  and  2100-foot  levels, 
gaining  width  and  richness  as  it  went  down.  In  the  2000-foot 
level,  it  is  quite  thin  in  the  middle,  and  splits  into  several  thin 
seams  at  the  northwest,  which  gradually  wedge  out.  On  the 
2100-foot  level  a  smaller  vein  is  found  about  40  feet  northeast 
of  and  parallel  to  the  main  vein ;  this  also  splits  at  the  northwest 
end.  The  general  strike  of  the  vein  is  N.  37°  to  40°  W.,  and 
it  stands  nearly  vertical,  its  average  dip  from  the  1850-foot  to 
the  2100-foot  level  beini^  70°  to  the  northeast. 
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Vc'm-3Iaterials. — Although  very  thin,  in  no  case  attaining  as 
much  as  a  foot  in  width,  this  vein  has  heen  remarkably  produc- 
tive, owing  to  the  richness  of  the  ore  and  the  relatively  small 
proportion  of  gangue.  The  principal  metallic  minerals  are 
galena,  zinc-blende,  chalcopyrite,  cupriferous  argentite,  tetra- 
hedrite,  ruby  silver,  and  possibly  stromeyerite  or  polybasite. 
Hessite  and  leaf-gold  are  said  to  occur,  but  their  presence  could 
not  be  verified.  The  galena  occurs  in  fine  scaly  form,  rather 
than  in  the  usual  massive  crystals.  The  zinc-blende  is  generally 
of  the  ferriferous  variety  known  as  "  black  jack  "  by  the  miners, 
and  is  rather  porous.  It  occurs  at  times  in  cup-shaped  forms, 
w^hich  are  lined  with  fine  crystals.  It  sometimes  forms  cross- 
courses,  or  distinct  shoots  in  the  vein,  which  carry  from  300  to 
400  ounces  of  silver  to  the  ton,  and  always  a  good  deal  of 
galena.  The  chalcopyrite  occurs  mostly  amorphous  and  easily 
disintegrable,  in  rounded  patches,  distinct  from  the  other  min- 
erals, and  prominent  by  its  dull  brass-yellow  color.  "Where  the 
ore  occurs  in  botryoidal  form,  one  can  distinguish  the  following 
succession  from  the  center  outward :  (1)  barite  in  tabular  crys- 
tals ;  (2)  galena  (and  argentite) ;  (3)  copper  sulphide ;  (4)  gray 
copper  in  crystals ;  (5)  small  crystals  of  chalcopyrite.  In  cer- 
tain parts  of  the  vein  which  consist  exclusively  of  metallic  min- 
erals, they  have  a  peculiarly  fresh  look,  as  if  quite  recently  de- 
posited and  not  yet  completely  consolidated.  The  average 
composition  of  the  ore  is  best  shown  by  the  following  analyses  ot 
two  car-load  lots  kindly  furnished  by  the  Arkansas  Valley  Smelt- 
ing Company,  of  Leadville,  to  which. they  had  been  sold: 


Ore  from  Geyser  Mine. 


Gold 

Silver 

Lead 

Zinc 

Copper  (wet  assay) 

Iron 

Manganese 

Lime 

Sulphur 

Silica 

Total 


Lot  No.  1.  Lot  No.  2. 


Trace. 

6L05 

23.80 

14.00 

1.50 

2.30 

1.20 

1.70 

12.60 

33.60 


9L75 


(a) 

cl.27 

17.60 

11.10 

2.30 

2.00 

.80 


9.50 
46.90 


91.47 


a  0.10  ounce  per  ton.  b  230.42  ounces.         c  300.28  ounces. 
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In  addition  to  the  above  metals,  there  was  probably  anti- 
mony, which  had  been  proved  qualitatively,  in  the  mineral  that 
was  supposed  at  the  mine  to  be  hessite,  but  is  probaV)ly  either 
tetrahedrite  or  polybasite.  Barium  and  alumina  probably  make 
up  a  part  of  the  balance. 

Of  earthy  minerals,  the  most  common  are  barite,  calcite  and 
quartz,  the  latter  generally  in  the  chalcedonic  form.  Frag- 
ments of  country-rock  are  found  in  the  vein,  more  or  less 
rounded,  and  changed  on  the  outer  part  into  hornstone-like 
material,  which,  in  turn,  is  coated  with  galena,  barite,  etc. 
Rounded  cavities  in  the  vein  material  are  often  filled  with  a 
white  powder,  apparently  an  infiltrated  decomposition-product 
of  the  rhyolitic  tuft". 

Water- Courses. — This  mine  has  proved  unusually  dry  for  the 
region.  In  the  upper  part  of  the  shaft  the  first  considerable 
flows  of  water  came  in  at  340,  390  and  especially  at  420  feet. 
This  water,  collected  at  the  500-foot  level,  amounted  to  250 
gallons  per  minute,  and  was  undoubtedly  vadose  or  surface- 
Avater,  and  probably  seeped  in  from  the  surrounding  country. 
At  945  feet  it  had  decreased  to  65  gallons  per  minute,  and  be- 
low 1000  feet  had  practically  ceased,  the  little  water  that  was 
found  being  probably  due  to  leakage  along  the  shaft. 

In  the  1450-foot  level  what  may  be  considered  subterranean 
or  deep  waters  were  first  struck.  They  were  not  very  abund- 
ant, and  were  only  slightly  charged  with  gas.  At  one  point  on 
the  south  drift  there  was  a  slight  deposit  of  tufa.  A  consider- 
able flow  was  obtained  from  a  vertical  drill-hole  sunk  300  feet 
downward  from  this  level. 

In  the  1850-,  2000-,  and  2100-foot  levels  there  are  many  small 
water-courses,  from  which  proceeds  a  constant  flow  of  water, 
not  very  great  in  aggregate  amount,  but  highly  charged  with 
carbonic  acid  gas,  so  that  there  is  a  constant  hissing,  sputtering 
and  rumbling,  and  the  water  is  ejected  with  such  force  as  to  go 
entirely  across  the  drift  at  some  points.  These  waters  appar- 
ently ascend  along  fissures  having  a  general  parallelism  with 
the  ore-bearing  fissure ;  but  no  water  proceeds  from  the  vein 
itself.  They  often  come  into  the  drifts  through  small  cracks  or 
cross-fissures  at  an  angle  with  the  direction  of  the  main  system. 
As  they  emerge  into  the  air  of  the  drift  they  deposit  freely  a 
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calcareous  tufa  or  sinter  on  the  wall  around  the  crack  or  orifice 
out  of  which  thej  flow.  This  sinter  is  sometimes  white,  some- 
times highly  iron-stained ;  it  has  the  texture  and  the  peculiar 
wavy  or  ripple-marked  surface  characteristic  of  the  sinters  of 
the  Yellowstone  Park.  In  some  places  it  takes  a  pisolitic  form. 
Again  its  surface  has  a  shiny  glaze.  It  deposits  very  rapidly  in 
some  places.  At  one  point  on  the  2000-foot  level,  which  had 
been  opened  only  four  months,  the  water  issuing  from  a  minute 
vertical  crack  on  the  side  of  the  drift  had  built  out  a  little  ridge 
of  sinter  over  the  crack,  1^  inches  from  its  base  and  less  than 
half  an  inch  thick. 

The  water-courses  are  most  active  and  abundant  near  the 
vein  or  on  the  line  of  its  extension.  On  the  2000-foot  level, 
where  the  vein  splits  to  the  northwest,  the  water  comes  in  on 
all  sides ;  and  when  the  shaft  was  first  opened,  the  escape  of 
carbonic  acid  gas  was  so  abundant  at  this  point  that  it  filled  the 
lower  5  feet  of  all  the  drifts  on  this  level  and  the  shaft  below 
the  level  so  that  no  light  would  burn,  and  the  miners  were 
obliged  to  abandon  work  until  a  blower  could  be  put  in  opera- 
tion to  drive  the  gas  out.  Even  now,  a  light  is  soon  extin- 
guished if  put  at  the  bottom  of  the  drift.  The  water-bearing 
fissures  are  mostly  in  the  rhyolitic  tuft",  but  a  few  are  found  in 
the  Archaean^  which  shows  evidence  of  faulting  within  itself, 
in  slickensided  clay  seams  and  zones  of  brecciation.  The  water- 
bearing fissures  decrease  in  number  and  in  strength  of  flow  as 
distance  from  the  line  of  the  ore-bearing  fissure  increases.  The 
abundant  esca|>e  of  gas  is  the  most  striking  feature  of  these 
water-courses.  Even  where  no  water  comes  into  the  drift,  one 
can  often  hear  the  bubbling  and  sputtering  of  the  escaping  gas 
in  an  adjoining  fissure. 

The  temperature  could  not  he  accurately  determined,  but  is 
about  the  same  as  that  of  the  air  in  the  drift  at  the  2000-foot 
level,  viz.,  80°  F. 

Analyses  of  Sinters. — Three  typical  specimens  of  sinter  from 
the  2000-foot  level  were  selected  for  analysis :  one  of  the  per- 
fectly white,  with  very  slight  iron-stain  ;  one  white  and  brown 
(both  showing  the  ripple-marked  structure  well) ;  a  third  of  the 
pisolitic  sinter,  strongly  iron-stained.  They  were  analyzed  by 
Mr.  W.  r.  Ilillebrand,  with  the  following  results: 
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Analyses  of  Sinters  from  the  2000-Foot  Levels  Geysei^  Mine. 

White. 

White  and 
Brown. 

Pisolitic 
Brown. 

Silica  and  insoluble 

0.08 
53.11 
42.98 

.20 
0  .026 

.17 
1.50 

.03 

.17 
Trace. 

.33 

.88 

.29 
Trace. 
Faint  trace. 

0.10 

52.60 

42.57 

1.08 

a. 03 

.26 

1.39 

.03 

.16 

Trace. 

.51 

.72 

.50 

Trace. 

Faint  trace. 

0.17 

52.59 

42.03 

1.K2 

Undet. 

.•22 

1.01 

.04 

.09 

Trace. 

.53 

.87 

.58 

Trace. 

Faint  trace. 

CaO 

CO2 

Fe20, 

Mn.,0,  (Mn.O.?) 

SrO 

MffO 

K.p 

Na.O 

Li,b      

H.fi  below  110°  C 

H.,0  above  110°  C 

SOs 

p„0-                         

&z:::::::::::z;;: 

Total 

99.766 

99.95 

99.95 

a  Manganese  was  estimated  on  34  grammes.  The  same  samples  showed  also 
minute  traces  of  lead,  copper,  nickel,  cobalt,  zinc,  alumina  and  a  double  trace 
of  antimony. 

On  comparing  these  analyses  with  those  of  the  waters  which 
follow,  it  appears  that,  under  the  influence  of  free  access  of  air, 
with  presumably  reduced  pressure  and  temperature,  the  pre- 
cipitation has  been  mainly  of  carbonates  of  lime,  iron  and  man- 
ganese; of  the  alkalis,  magnesia,  and  of  other  metals  a  rela- 
tively small  proportion  seemed  to  have  been  precipitated. 

Analyses  of  Waters. — Carboys  of  water  from  the  500-foot 
level,  i.e.,  surface  or  vadose  waters,  and  of  w^aters  from  the 
2000-foot  level  were  collected  with  great  care  by  the  foreman 
of  the  mine  under  the  direction  of  Mr.  C  H.  Johnson  and  sent 
to  "Washington  for  analysis.  Upon  their  arrival,  there  was 
found  to  be  considerable  sediment  in  each  of  the  carboys,  which 
had  presumably  been  precipitated  during  the  journey,  since 
they  had  been  filtered  through  cotton  cloth  when  gathered. 
Mr.  Hillebrand  found  evidence,  however,  that  the  filtering  had 
not  been  complete,  as  some  splinters  of  wood  were  found  in  the 
sediment,  which  casts  some  doubt  on  the  analysis  of  the  sedi- 
ment. 

In  the  42.6  liters  of  vadose  water  of  which  the  analysis  is 
given  below,  there  was  a  deep  blackish-brown  sediment,  con- 
taining, however,  no  organic  matter,  which,  after  drying  at  110° 
C,  weighed  0.5592  gramme,  and  gave: 
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Grammes. 

Ignition, 0642 

HCl  extract, 1588 

Insoluble  silica  and  silicates,  ......     .3362 

Total, 5592 

It  was  assumed  that  the  silica  and  silicates  must  have  been 
mechanically  introduced,  through  want  of  sufficient  precautions 
in  filtering  at  the  mine ;  and  this  portion  of  the  sediment  was 
not  anal3'zed.  Of  the  sediment  in  the  carboy  of  deep  water, 
however,  the  insoluble  portion  was  analyzed,  with  the  result 
given  in  the  following  tables.  The  total  sediment  in  the  carboy 
of  deep  water  was  10.6602  grammes,  of  which  5.0134  grammes 
were  insoluble  in  dilute  HCl  (at  110°  C).  The  filtered  vadose 
water  had  a  slightly  alkaline  reaction  and  contained  no  organic 
matter.   The  results  of  analysis  are  given  in  the  following  tables : 

Vadose  Water  from  the  Geyser  Mine,  bOO-Foot  Level. 

(W.  F.  Hillebrand,  analyst.) 


Is  Sediment.    Soluble  in  HCl. 


Amounts 

Found. 

Grammes. 


SiOa 

PbO 

CuO 

FeA-- 
ALA  1 

PA  /■ 

MnA  b. 

ZnO 

CaO 

MgO 

CO, 


.0012 
.COlO 
.0008 
.04o6 

.0365 

.0498 
.0104 
.0096 
.0039 


Referred 

to  I'arts 

in  1,000.000 

of  Water, 


In  Filtered  Water. 


Parts  in 
1,000,000. 


Assumed 
Composi- 
tion lie  fore 
Sediment 
was  De- 
posited. 


.1588 


SiO^ Trace. 

Pb ■  Trace. 

Cu ;  Trace. 

Fe .7 

AlA  \         '        8 

PA  i 

Mn 8 

Zn 2 

Ca 1 

Mg .05 

COhcZ 2.2 


4.85 


CI !        7.9 

SO, 43.2 

CO;,o 108.3 

K 10.6 

Na 36.4 

Li Trace. 

Ca 37.3 

Mg 12.2 

Pb 

Cu 

Mn 

Zn 

Fe 

AlA  1 

PA  J 

SiO., 25.9 


Free  and 
semi-com- 
bined CO,, 


281.8 


38.8 


320.6 


Total  CO.,,  :    118.2 


7.9 

43.2 

110.5 

10.6 

36.4 

Trace. 

37.4 

12.25 

Trace. 

Trace. 

0.8 

0.2 

0.7 

0.8 

25.9 


286.65 


37.2 


323.85 


a  Calculated.  6  Assumed  condition. 

c  Any  traces  of  CO.,  present  have  been  neglected. 

d  Calculated  for  the  metals,  as  carbonates  before  deposition, 

e  No  tests  for  other  possible  constituents  were  made. 
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Beep  ^Vater  from  the  Geyser  Mine,  ^^^-Foot  Lcrel 
Specific  Gravity  27°  C.  =  1 .0036.  (W.  F.  Hillebrand,  analyst.) 


Composition  of  Sediment. 
(From  43.76  Kilogrammes  of  Water.) 


Insoluble  iji  Dilute  HCl 


Assumed 
'Composi- 
tion Be- 
fore Sedi- 
I  merit 
Parts  in  I  ^as  De- 
1,000,000.  '  posited. 


Chiefly  Clayey  and 
Feldspatliie  Matter. 
Weight  Dried  at  110°  C 
5.0131  Grammes. 


a  Perhaps  derived  from  the  mechanically  included  minerals  of  the  sediment. 

Contains  a  little  P.Oj.  i        i  i       i 

h  The  sediment  was  largely  incrusted  on  the  glass  of  the  carboy  and  could  only 
be  removed  by  acid;  hence  the  CO.,  was  calculated  for  PbO,  ZnO,  SrO,  CaO, 
MgO,  as  normal  carbonates. 

c  This  value  includes  the  CO.,  needed  by  Fe,  Mn  and  Cu,  as  well  as  the  metals 
named  in  the  preceding  note. 

d  Assumed  condition  ;  perhaps  partly  as  IMnCOa- 

e  Organic  matter  not  estimated. 

/  Approximation,  not  a  maximum. 

o  Calculated  for  normal  carbonates. 

h  The  fluorine  of  the  insoluble  part  of  the  sediment  is  probably  to  be  credited 
to  the  water. 

i  Possibly  from  the  insoluble  sediment. 

These  tables  present  a  remarkably  complete  series  of  actual 
analyses,  representing : 

1.  The  average  contents  of  a  vein-deposit  of  metallic  miner- 
als, rich  in  silver,  lead,  copper  and  zinc,  which  was  first  found 
at  over  1800  feet  below  the  present  surface. 
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2.  The  contents  of  subterranean  mine-waters  taken  at  2000 
feet  below  the  surface,  and  evidently  coming  from  still  greater 
depths,  very  highly  charged  with  carbonic  acid,  and  carrying 
small  amounts  of  most  of  the  metals  that  occur  in  the  deposit; 
also  the  sinter  deposited  by  these  waters  as  they  issue  from  the 
rock  into  the  mine-drifts — that  is,  under  ordinary  atmospheric 
pressure. 

3.  The  contents  of  atmospheric  waters  coming  from  the  sur- 
face, which,  in  their  downward  course,  had  traversed  rocks 
similar  to  those  in  which  the  first-named  deposit  is  inclosed, 
and  through  which  it  may  be  assumed  that  metallic  minerals 
similar  to  those  in  the  deposit  may  be  sparingly  disseminated. 

From  these  analyses  it  is  possible  to  apply  a  practical  test  to 
some  of  the  assumed  theories  of  ore-deposition. 

Source  of  Solid  Constituents  in  the  Waters. — In  the  first  place, 
in  comparing  the  contents  of  the  vadose  and  deep  waters,  it  is 
seen  that  though  the  latter  contain  about  twenty  times  as  much 
dissolved  matter  as  the  former,  the  relative  proportions  of  the 
principal  constituents  are  sufiiciently  alike  to  permit  the  assump- 
tion that  they  have  been  derived  from  a  similar  source ;  and 
this  source,  in  the  case  of  the  surface-waters,  which  should  have 
been  practically  pure  when  they  entered  the  rocks,  must  have 
been  the  material  of  the  various  rocks  through  which  they 
have  passed  in  reaching  a  depth  of  500  feet  below  the  surface. 
In  making  this  comparison,  one  must  bear  in  mind  that  the 
deep  waters  had  already  deposited  the  greater  part  of  their  lime 
as  sinter  before  they  were  analyzed ;  hence,  while  the  vadose 
waters  contain  three  times  as  much  lime  as  magnesia,  in  the 
analysis  of  the  deep  waters  lime  is  to  magnesia  in  the  propor- 
tion of  only  4  to  5. 

The  alkalies  appear  in  the  same  relative  proportions  in  each 
case,  though  the  aggregate  amount  of  the  two  constituents  is 
proportionately  less  in  the  vadose  than  in  deep  waters. 

Iron  and  manganese  are  in  nearly  equal  amounts  in  the  vadose 
waters,  the  latter  slightly  predominating,  whereas  in  the  deep 
waters  iron  is  in  a  hundred-fold  greater  relative  amount.  This 
might  be  explained  by  the  relatively  larger  amount  of  man- 
ganese oxides  present  in  the  surface-rocks.  It  has  often  been 
noted  by  the  writer  that  manganese  oxides  are  generally  pres- 
ent in  much  larger  proportion  in  the  oxidized  portions  of  ore- 
bodies  than  below  the  zone  of  oxidation,  which  may  be  due  to 
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tlieir  forming,  in  coiituct  with  atmosplierie  agents,  less  soluble 
salts  than  do  the  iron  oxides. 

The  other  metals  are  in  siieh  small  proportions  in  either  case 
that  one  cannot  reason  from  their  relative  amounts;  and  it  is 
not  surprising  that  most  of  them  could  not  be  detected  in  the 
vadose  waters. 

Such  constituents  as  fluorine,  bci^'ic  and  nitric  acids,  strontium 
and  barium  are  characteristic  of  deep  sources,  but  they  also 
might  have  been  present  in  the  vadose  waters  without  being 
detected  in  the  small  amount  of  solid  constituents  available  for 
analysis. 

The  greatest  apparent  discrepancy  is  the  tenfold  greater  pro- 
portion of  silica  in  vadose  over  deep  waters ;  but  this  is  likely 
to  have  arisen  from  excess  of  COg  in  deep  waters  which  would 
throw  down  silica  in  solution,  or  from  the  uncertainty  in  deter- 
mining what  part  of  the  solid  material  in  the  waters  was  due  to 
mechanical  admixture,  and  mio^ht  hence  be  neo-lected. 

In  the  deep  waters  chlorine  and  sulphuric  acid  are  present  in 
about  equal  proportions,  and  carbonic  acid  is  greatly  in  excess 
of  both  combined.  In  the  vadose  waters,  while  carbonic  acid 
is  still -in  excess,  sulphuric  acid  appears  in  relatively  greater, 
and  chlorine  in  relatively  smaller,  proportion  than  in  the  deep 
waters.  In  what  manner  they  would  combine  Avith  the  several 
bases  in  either  case  it  is  of  course  impossible  to  say  definitely. 

The  deductions  which  the  writer  draws  from  these  consider- 
ations are : 

1.  That  inasmuch  as  the  surface-waters  must  evidently  have 
derived  the  substances  they  contain  in  solution  from  the  rocks 
through  which  they  have  passed  in  seeping  downward,  it  is 
fair  to  assume  that,  in  like  manner,  the  deep  waters  have 
obtained  their  constituents  (in  great  part,  at  any  rate)  from 
surrounding  rocks,  and  not  necessarily  at  very  great  distances 
from  where  they  now  issue,  since  through  higher  temperature 
and  greater  acid  contents  they  would  probably  have  been  more 
active  solvents  than  the  surface-waters. 

2.  On  the  other  hand,  the  great  excess  of  carbonic  acid  in 
the  deep  waters,  combined  with  the  presence  of  fluorine,  boric 
acid  and  chlorine  in  considerable  amount,  point  to  a  source  where 
chemical  decomposition  is  actively  going  on,  which  might 
readily  be   supposed  to  be   a  body  of  still  uncooled  igneous 
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rocks,  which  surface  waters  had  reached,  and  from  which  they 
were  sent  back  toward  the  surface  again  along  the  present  lines 
of  tissuring.  Although  the  deep  waters  contain  most  of  the 
metals  found  in  the  vein-deposit  of  the  Gevser  mine,  it  is  not 
easy  to  conceive  how  the  metallic  sulphides  of  that  deposit  could 
have  been  derived  from  the  waters  of  such  chemical  composi- 
tion as  these ;  and  it  seems  more  reasonable  to  assume  that  the 
vein-minerals  were  deposited  by  earlier  waters  of  somewhat  dif- 
ferent composition,  carrying  more  barium  and  silica,  and  char- 
acterized by  sulphuretted  hydrogen  rather  than  by  carbonic 
acid. 

3.  The  conditions  here  indicated  seem  to  negative  the  preva- 
lent belief  that  a  decrease  of  temperature  and  pressure  are  the 
principal  determining  causes  of  the  precipitation  of  vein-minerals 
from  ascending  solutions.  In  the  earlier  deposits  abundant 
precipitation  ceased  before  the  marked  decrease  of  temperature 
and  pressure  that  accompanies  an  approach  to  the  actual  rock- 
surface  was  reached ;  and  in  the  modern  mine-openings,  where 
present  ascending  waters  have  been  artificially  cooled  and  re- 
lieved from  pressure,  the  abundant  deposit  has  been,  like  that 
of  thermal  springs  at  the  surface,  mainly  of  carbonate  of  lime 
and  oxide  of  iron,  and  contains  only  faint  traces  of  the  other 
vein-materials  that  make  up  the  bulk  of  the  neighboring 
vein-deposits. 

4.  It  might  be  assumed  that  the  surface-deposits  of  chloride 
of  silver  and  oxides  of  manganese  and  iron  which  are  thinly 
and  irregularly  disseminated  through  the  rhyolite  near  the 
actual  surface,  were  precipitated  from  the  carbonated  waters 
at  a  time  when  they  reached  the  present  surface,  the  oxides  hav- 
ing been  originally  carbonates,  and  the  silver  chloride  having 
been  deposited  as  such,  and  that  these  deposits  are  therefore 
a  later  phase  of  ore-deposition  than  the  vein-minerals.  A  cer- 
tain color  of  probability  is  lent  to  this  hypothesis  by  the  fact 
noted  by  Mr.  Johnson,  superintendent  of  the  Geyser  mine,  that 
there  is  evidence  of  an  escape  of  warm  air  or  gas  through  holes 
at  the  surface,  which  in  cold  weather  is  visible  as  steam,  along 
a  zone  about  100  feet  wide,  runnina;  east  and  west  throus-h  the 
Geyser  shaft-house.  Moreover,  fluorite  and  barite  are  said  to 
have  occurred,  associated  as  gangue-minerals  with  chloride  of 
silver,  in  the  Silver  Bar  (formerly  Kate)  mine. 
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Oil  the  other  hand,  all  our  evidence  goes  to  show  that  the 
chlorides  and  oxides  pass  into  sulphides  at  short  distances  helow 
the  surface,  anil  that  here,  as  in  other  deposits,  the  chloride  of 
silver  is  a  secondary  alteration  b}'  atmospheric  agents  of  an 
original  sulphide.  It  appears  more  prol)able,  therefore,  that 
all  the  metallic  minerals  of  the  plateau  were  formed  under  the 
same  conditions  and  during  the  same  general  phase  of  ore- 
deposition.  That  they  are  so  irregularly  disseminated  is  prob- 
ably due  to  physical  rather  than  to  chemical  causes.  The  rhyo- 
litic  tutF  which  forms  the  main  country-rock  is  so  poorly  con- 
solidated and  of  so  plastic  a  nature,  that  fracture-planes  are 
less  continuous  and  less  open  in  it  than  in  harder  and  more 
rigid  rocks.  Moreover,  the  natural  planes  of  division,  the  bed- 
ding-planes, are  horizontal  rather  than  vertical.  Hence  there 
have  been  no  well-defined  and  continuous  water-channels  trav- 
ersing the  whole  thickness  of  the  mass,  but  the  ascending  solu- 
tions, after  leaving  the  vicinity  of  the  bounding  walls  of  the 
harder  Archaean  rocks,  have  been  obliged  to  follow  devious 
courses  along  minute  cracks  and  fissures  that  were  not  continu- 
ous. Thus,  comparatively  small  amounts  of  these  solutions 
have  reached  the  upper  lavas,  and  their  load  has  been  deposited 
as  thin  films  in  the  joints  or  minute  cracks  of  the  rocks.  The 
fact  that,  at  the  present  time,  the  descending  surface-waters 
penetrate  the  mass  to  so  moderate  a  depth  is  an  argument  in 
favor  of  this  view. 

It  is  probable  that  the  present  vein-fissure  will  soon  reach  and 
pass  into  the  Archaean  wall-rock,  in  which  it  may  widen  out. 
It  is  very  uncertain  whether,  in  this  case,  the  ore  will  continue 
to  be  as  rich  as  it  has  been ;  for  a  change  in  wall-rock  is  gener- 
ally accompanied  by  a  change  in  the  character  of  the  ore. 
These  points  will  soon  be  settled,  however,  by  actual  develop- 
ment, as  the  workings  of  the  Geyser  mine  follow  the  present 
vein  in  depth. 

General  Conclusions. 

Forms  of  the  Ore-Bodies. — The  preceding  pages  have  been 
mainly  devoted  to  the  description  of  the  four  principal  mines 
in  the  immediate  vicinity  of  Rosita  and  Silver  Cliflt*.  Other 
im})ortant  deposits  within  this  area,  and  in  the  surrounding 
region,  have  not  been  mentioned,  because,  owing  to  the  irregu- 
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lar  and  disconnected  manner  in  which  they  have  been  worked, 
it  has  been  impossible  to  obtain  any  detailed  information  with 
regard  to  them.  With  but  few  exceptions,  these  deposits 
belong  to  the  type  of  the  Humboldt-Pocahontas  vein ;  that  is, 
they  are  vein-deposits  on  fault-planes  in  some  of  the  many 
varieties  of  igneous  rocks  that  outcrop  in  the  region.  They 
are,  in  general,  rather  narrow  fissures,  which  do  not  bear  evi- 
dence of  having  at  any  time  constituted  large  open  spaces,  but 
in  which  the  ore-bearing  solutions  have  deposited  their  con- 
tents by  first  filling  the  interstices  between  the  sheets  of 
sheared  and  banded  country-rock  and  afterwards  partially  re- 
placing these  sheets  or  bands  by  vein-materials.  The  ore  in 
these  cases  is  generally  confined  to  the  fault-fissure,  and  the 
deposits  may  be  characterized  as  well-defined  vein-deposits  or 
true  fissure-veins. 

The  mines  of  the  Silver  Cliff  plateau  show  a  different  type 
of  deposit,  but,  in  the  opinion  of  the  writer,  the  essential  dif- 
ferences lie  rather  in  the  form  of  the  ore-channels  than  in  the 
character  of  the  ore-bearing  solutions.  From  ^Ir.  Cross's 
description  of  the  Democrat  and  Ben  Eaton  mines,  in  the  cen- 
tral rhyolitic  area,  these  deposits  seem  to  constitute  an  inter- 
mediate stage  between  the  two  types.  These  mines  occur  on 
the  south  point  of  Democratic  ridge,  knoAvn  as  Indian  Castle. 
This  is  a  rounded  eruptive  channel  of  rhyolite,  in  which  the 
rock  is  massive,  brecciated  or  spherulitic,  as  the  case  may  be. 
There  are  indications  that  there  have  been  several  eruptions. 
It  has  since  been  much  altered,  and  the  alteration-products 
vary  from  hard  quartzite-like  material  to  softer  material,  re- 
sulting from  the  kaolinization  of  inter-spherulitic  glass.  Tra- 
chyte dikes  run  both  north  and  south  and  east  and  west 
through  the  mountain,  and  their  decomposition-product  is 
usually  soft.  The  ore-bearing  fissures  run  north  and  south, 
with  a  steep  eastern  dip,  through  both  rhyolite  and  trachyte. 
The  ore-solutions  followed  these  fissures  primarily,  but  found 
the  softened  spherulitic  glass  and  certain  brecciated  zones  also 
very  good  channels.  The  ore  is  now  found  in  these  seams  or 
fissures,  but  all  soft  kaolinizcd  parts  are  likely  to  be  impreg- 
nated. The  main  ore-l)ody  was  an  oval  chimney,  of  varying 
size,  in  soft  matter,  which  is  connected  with  a  fissure  at  tunnel- 
level.     From  one  part,  on  stoping  upward,  a  soft  yellow  mud 
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flowed  out,  wliieli  was  found  to  carry  40  oiincos  of  silver  and  $14 
in  gold  to  the  ton.  For  the  most  part,  the  solid  masses  of  ore 
are  less  than  an  inch  thick. 

It  has  already  been  suggested,  in  the  case  of  the  deposits  on 
the  Silver  Cliff  plateau,  that  the  fact  that  the  surface-deposits 
are  not  in  the  form  of  iissure-veins,  as  they  are  found  at  the 
bottom  of  the  Geyser  shaft,  is  due  to  physical  causes  which 
have  not  permitted  the  formation  of  long  continuous  water- 
channels  along  fissures.  In  this  case  similar  irregularities  have 
been  produced  by  chemical  causes ;  but  it  has  been  the  physi- 
cal effect — the  production  of  channels  of  freer  flow,  through  the 
decomposition  of  the  rock — that  has  led  the  ore-depositing  cur- 
rents to  leave  the  regular  fissures. 

The  deposits  in  the  Archaean  rocks  on  the  borders  of  the 
eruptive  region  are  likewise  unusually  irregular  in  form ;  and, 
in  most  of  the  observed  cases,  this  irregularity  may  be  ascril^ed 
to  a  combination  of  chemical  decomposition  with  dynamic  frac- 
turing of  the  rocks  ;  that  is,  while  the  ore-channels  have  been 
primarily  determined  by  the  dynamic  movements  that  produce 
the  ordinary  rock-fractures,  vein-fissures  and  brecciated  zones, 
on  which  ore-bodies  are  generally  deposited,  their  course  has 
been  varied,  or  they  have  received  unusual  forms  as  the  result 
of  the  energetic  dissolving  or  decomposing  action  of  heated 
solutions  that  traversed  them  during  the  closing  phases  of  vol- 
canic action  in  the  region.  This  supposes  a  prolonged  altera- 
tion and  decomposition  of  the  rocks  along  the  w^ater-channels 
before  the  actual  deposition  of  metallic  minerals.  In  some  of 
the  observed  cases,  there  are  fairly  w^ell-defined  fissure-veins  in 
the  Archaean  rocks;  but  more  commonly,  in  this  region,  the 
ore-deposition  appears  to  have  taken  place  along  a  zone  of  de- 
composed rock,  which  zone  was  undoubtedly  determined  in 
the  beginning  by  dynamic  action.  The  ore-deposition  along 
such  zones,  as  might  be  expected,  has  been  more  irregularly 
spaced  and  less  concentrated  than  would  have  been  the  case  in 
a  fissure  which  had  not  been  thus  enlarged  by  chemical  decom- 
position. The  Bull-Domingo  ore-body  is  apparently  an  extreme 
type  of  such  a  form. 

Whether  it  be  or  be  not  admitted  that  the  boulder-filled 
channel  of  the  Bull-Domingo  represents  the  neck  of  an  ancient 
crater  of  explosion,  the  Bassick  ore-body  is  unique  in  the  evi- 
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denco  it  affords  of  a  direct  connection  with  volcanic  agencies ; 
and  in  the  determination  of  its  form  dynamic  agencies  have 
apparently  played  a  very  subordinate  part. 

Cripple  Creek  Deposits  Compared. — It  is  interesting  to  contrast 
the  deposits  of  this  region  with  those  of  the  now  famous  Crip- 
ple Creek  district,  which  lies  in  a  closely  analogous  geological 
position,  40  miles  to  the  northward,  and  which  presents  in  its 
geological  structure  so  many  points  of  resemblance.  There,  as 
here,  the  main  ore-deposition  has  taken  place  in  and  around  a 
central  volcanic  focus,  where  a  series  of  comparatively  recent 
igneous  rocks  have  broken  through  an  older  series  of  pre-Cam- 
brian  crystalline  rocks.  There,  as  here,  the  principal  depo- 
sition has  taken  place  along  a  system  of  fi-acture-planes,  trav- 
ersing both  the  eruptives  and  the  underlying  crystalline 
complex,  and,  while  not  strictly  confined  to  the  eruptives,  it  has 
been,  so  far  as  present  developments  show,  more  abundant  in 
the  former  than  in  the  latter. 

In  the  Cripple  Creek  region  there  is  one  principal  and  pre- 
dominant system  of  mineralized  fractures,  running  about  north 
and  south.  In  this  district  a  system  running  north  and  south 
or  a  little  west  of  north  is  apparently  the  more  frequent,  but 
there  are  also  abundant  fractures  running  east  and  west,  and 
others  quartering  between  the  two.  The  geological  history  of 
this  region  has  been  more  complicated ;  there  have  been  a 
greater  number  of  successive  eruptions;  audit  is  probably  in 
consequence  of  this  fact  that  the  fracture-systems  are  more 
varied  and  complicated. 

Mineralogically  the  contrast  is  greater.  In  Cripple  Creek 
the  important  metal  is  gold,  deposited  mainly  in  the  form  of 
telluride,  and  the  characteristic  earthy  mineral  associated  with 
it  is  fluorite.  Here,  gold  as  telluride  occurs  in  certain  parts  of 
the  district,  and  fluorite  is  sparingly  found  ;  but  the  greater 
part  of  the  valuable  minerals  are  silver-minerals,  in  their  usual 
association  with  sulphides  of  lead,  zinc,  and  iron,  and  with 
barite  as  the  leading  gangue-mineral.  They  differ  from  the  or- 
dinary deposits  of  this  class  mainly  in  their  greater  average 
richness. 

Source  of  the  Metallic  Minerals. — While  it  is  possible,  by  care- 
ful study  of  the  geological  and  mineralogical  conditions  of  a 
series  of  ore-deposits,  to  find  valid  reasons  why  the  ore-bearing 
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solutions  deposited  their  load  in  certain  forms  and  certain  local- 
ities, and  while  reasonable  deductions  may  be  made  as  to  the 
probable  direction  from  which  these  solutions  came,  the  ques- 
tion as  to  the  source  from  which  the  solvents  derived  the  ma- 
terials which  th(\y  have  thus  deposited  in  the  form  of  ore-bodies 
is  one  that  trenches  somewhat  upon  the  domain  of  pure  specu- 
lation. Yet,  even  here,  there  are  many  facts  of  geological  ob- 
servation that  have  a  distinct  bearing,  one  way  or  the  other, 
upon  the  various  speculative  views  that  have  been  put  forth  by 
geologists. 

The  general  views  of  the  writer  upon  this  question,  as  already 
expressed  in  earlier  publications,  are  :  that  the  heavy  metals 
have  probably  been  brought  up  from  the  interior  of  the  earth 
within  the  magmas  of  igneous  recks,  and  that  by  some  }>rocess 
of  differentiation  not  yet  completely  understood,  either  previous 
to  or  during  the  process  of  cooling  and  consolidation,  they  have 
been  concentrated  within  certain  bodies  or  parts  of  bodies  of 
eruptive  rocks ;  and,  further,  that  ore-bodies,  as  found  at  the 
present  day,  are  the  result  of  a  concentration  (perhaps  many 
times  repeated)  of  the  materials  thus  brought  up,  which  are  in 
all  probability  very  tinely  disseminated  through  the  present 
rock-masses  or  combined  in  minute  amounts  in  the  more  com- 
mon basic  minerals.  This  seems  a  more  rational  hypothesis, 
and  one  more  in  accordance  with  modern  scientific  practice, 
than  to  content  oneself  with  assuming  simply  that  the  ascending 
waters  came  charged  with  metallic  minerals  from  the  bathy- 
sphere, meaning  thereby  a  region  in  the  interior  of  the  earth 
which  is  richer  in  heavy  metals  than  any  part  of  the  earth's 
crust  that  comes  under  our  observation;  for  this  simple  assump- 
tion affords  no  explanation  why  metallic  minerals  are  concen- 
trated in  one  part  of  the  earth's  crust  and  not  in  another,  and  it 
supposes  a  free  flow  of  waters  at  greater  depths  than  in  our 
present  state  of  knowledge  of  terrestrial  physics  it  is  considered 
possible  that  channels  which  would  admit  of  a  flow  of  water 
through  them  could  remain  open. 

Furthermore,  the  writer's  hypothesis  admits  of  a  practical 
test,  which  is  impossible  in  the  other  case.  If  the  vein-materials 
are  found  to  form  a  constituent  part,  even  in  minute  traces,  of 
comparatively  fresh  and  unaltered  country-rocks  in  a  given  ore- 
bearing  region,  and  at  such  distances  from  any  water-channels 
VOL.  XXVI. — 53 
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as  to  render  it  improbable  that  these  materials  could  have  been 
brought  in  through  these  channels,  it  is  reasonable  to  assume 
that  these  or  similar  rocks  have  been  permeated  by  the  waters 
from  which  the  known  ore-deposits  were  precipitated,  and  that 
from  them  they  derived  their  contained  vein-materials.  For 
this  reason  a  series  of  careful  tests  of  selected  country-rock  for 
possible  contents  in  the  precious  metals  was  carried  on  under 
the  direction  of  the  writer  at  the  laboratory  of  the  United  States 
Geological  Survey  in  Denver.  Since  the  office  at  Denver  was 
broken  up,  it  has  not  been  possible  to  continue  these  tests,  owing 
to  want  of  proper  facilities  in  the  Washington  laboratory. 

Such  tests  of  the  rocks  from  this  district  as  were  completed 
(unfortunately  very  few  in  numl^er)  are  given  below. 

The  five  assays  for  silver  were  made  upon  four  assay-tons  of 
each  sample,  and  blank  assays  of  a  like  amount  of  the  leacl-flux 
were  simultaneously  made,  the  silver-contents  of  the  flux  being" 
deducted  from  that  found  by  the  rock-assay. 

In  the  case  of  the  black  granite  from  the  Blue  mountains, 
another  portion  of  the  rock  was  pulverized  and  the  constituent 
minerals  were  separated  by  the  Sonnstadt  solution.  The  bi- 
silicates  in  this  case  were  found,  as  shown  below,  to  contain 
both  silver  and  lead  ;  but  no  silver  was  found  in  either  quartz 
or  feldspar. 

Assays  of  Caster  County  Country-Bock  for  Silver. 

(L.  G.  Eakins,  analyst.) 


Rock. 

Locality. 

Silver 
per  Ton. 

Trachyte 

Trachyte 

Rosita  breccia 

Rosi ta  breccia 

Fairview  diori te 

T vndall  andesite 

Rhyolite 

Red  granite 

Black  granite 

Bisilicates  of  black  granite  (0.045 

600  feet  soutliwest  of  Humboldt  shaft 
Summit  of  Game  Ridge 

Ounces. 

0.U07 

Nor.e. 

None. 

None. 
.01 

None. 
.402 
.005 
.025 

.04 

South  of  Game  Ridge 

Northeast  spur  of  Mount  Tyndall... 

Near  Haskell's  rancli 

Blue  Mountains 

It  thus  appears  that  5  out  of  9  of  the  rocks  tested  contain 
appreciable  amounts  of  silver ;  and  that  in  one  of  these  rocks 
both  silver  and  lead  were  found  to  be  present  in  combination 
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with  Other  bases  in  the  bisihcates.  It  seems,  therefore,  prob- 
able that  not  only  the  recent  eruptives,  but  the  older  granites 
through  which  the  ascending  solutions  must  have  passed,  con- 
tain enough  of  the  precious  metals,  and,  it  may  be  assumed 
also,  of  the  other  vein-materials  to  furnish,  in  the  long  time  that 
is  accorded  to  the  accomplishment  of  most  geological  phe- 
nomena, sufficient  material  for  the  formation  of  existing  ore- 
bodies.  The  analysis  of  the  vadose  waters  in  the  Geyser  mine 
has  demonstrated  aie  capability  possessed  by  even  cold  surface- 
waters  of  taking  up  such  materials  in  their  passage  through  the 
rocks.  The  subterranean  waters  that  were  circulating  here  at 
the  time  of  the  formation  of  the  ore-deposits  must  have  been 
much  more  energetic  solvents,  being  heated  by  contact  with  the 
cooling  masses  of  igneous  rock,  and  probably  deriving  a  cer- 
tain amount  of  active  and  energetic  mineralizing  agents,  such 
as  fluorine,  chlorine,  etc.,  from  these  igneous  masses  at  the  time 
of  contact.  Hence  it  is  fair  to  assume  that  the  vein-materials 
in  this  region  were  originally  derived  from  both  recent  and 
ancient  eruptive  rocks — a  conclusion  similar  to  that  arrived  at 
by  Mr.  Penrose,  from  his  more  exhaustive  study  of  the  ore- 
deposits  of  Cripple  Creek. 


Biographical  Notice  of  Gabriel  Auguste  Daubree. 

BY   J.    F.    KEMP,    NEW   YORK   CITY. 

(Colomdo  Meeting,  September,  1896.) 

The  death,  on  the  30th  of  May,  1896,  at  Paris,  of  the  ven- 
erable Gabriel  Auguste  Daubree,  an  honorary  member  of  the 
Institute,  recalls  with  emphasis  the  great  value  of  his  varied 
contributions  to  geology,  mineralogy  and  hydrology.  In  fjict, 
more  and  more  as  the  years  pass,  and  as  attention  is  given  to 
the  obscure  problems  of  metamorphism,  of  the  development 
of  joints,  of  slaty  cleavage,  of  schistosity,  of  fault-systems,  of 
the  subterranean  circulations  of  water,  and  of  many  other 
agencies  which  are  often  closely  involved  in  the  production  of 
ore-bodies,  the  appreciation  of  his  work  increases,  and  quota- 
tions from  his  papers  are  made. 

Daubr^-e  was  born  June  25,  1814,  at  Metz.     After  receiving 
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his  preliminary  education  he  entered  the  Ecole  Pohjteehnique  at 
Paris,  and  two  years  later  passed  upward  into  the  Ecole  des 
Mines,  where  he  was  trained  as  a  mining  engineer.  His  pre- 
paration for  his  after-work  was  thus  similar  to  that  of  many 
another  geologist,  for  it  may  be  truly  said  that  since  the  time 
of  Werner  the  mining  school  has  been  the  mother  of  investi- 
gators in  this  branch  of  science.  On  graduation  he  was  at- 
tached to  the  council  ha\dng  supervision  of  mines,  bridges  and 
roads,  and  in  this  connection  traveled  in  Great  Britain  and  Ger- 
many. Later  he  was  sent  with  a  commission  to  report  on  the 
mineral  resources  of  Algiers,  and  gained  in  these  trips  that 
breadth  of  experience  and  observation  so  essential  to  good 
geological  work.  In  1838  he  was  appointed  a  mining  official 
in  the  Department  of  the  Upper  Rhine,  and  at  the  same  time 
Professor  of  Geology  in  the  Academy  of  Strasburg.  In  1861 
his  brilliant  contributions  to  geological  science  gained  for  him 
the  call  to  the  chair  of  geology  in  the  Musee  des  Sciences  Natu- 
relles  at  Paris.  A  year  later  he  was  transferred  to  the  chair  of 
geology  in  the  Ecole  des  Mines,  and  other  honors  followed  one 
another  quickly.  In  1867  he  became  Inspector-General  of 
Mines,  and  in  1872  Director  of  the  Ecole  des  Mines.  In  the 
duties  of  the  last-named  post  he  remained  for  fourteen  3'ears ; 
but  with  increasing  age  he  resigned  them  in  1886,  and  was 
appointed  honorary  director  in  recognition  of  his  distinguished 
services  to  science. 

Daubree  was  one  of  the  principal  figures  in  the  synthetical 
school  of  French  geologists  and  mineralogists,  which  has  exerted 
so  important  an  influence  upon  the  scientific  thought  of  the 
last  sixty  years,  and  which  has  contributed  so  much  in  the  way 
of  sound  and  reliable  experimental  data  as  foundations  for  the 
interpretation  of  nature.  The  geological  experiments  of  Sir 
James  Hall,  of  Edinb^irgh,  in  1812,  struck  the  keynote;  but 
the  great  development  of  the  theme  took  place  in  Paris.  Du- 
frenoy,  one  of  Daubree's  own  teachers,  was  a  leader,  and  many 
distinguished  French  mineralogists  in  earlier  and  later  years 
have  been  devoted  to  the  same  methods  and  lines  of  investiga- 
tion. In  contrast  with  many  of  his  colleagues  in  Paris,  Dau- 
bree was  himself  especially  attracted  to  those  experiments  which 
led  not  so  much  to  the  formation  of  individual  minerals  as  to 
the  attainment  of  geological  results. 
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His  first  serious  essay,  that  of  })ro(lucing  cassiterite,  was  hap- 
pily crowned  with  success,  and  by  it  a  flood  of  light  was  thrown 
on  the  geology  of  tin-deposits.  At  once  the  characteristic  as- 
sociates of  tin-ores,  the  fluorine-bearing  minerals,  and  their  oc- 
currence around  the  edges  of  granite  intrusions  as  a  phase  of 
contact-metamorphism,  were  explained.  Happily,  too,  the  ex- 
periments gained  the  attention  of  his  former  teachers,  Ber- 
thier,  Elie  de  Beaumont  and  Dufrcnoy,  through  whose  influence 
they  were  presented  to  the  French  Academy.  After  this,  Dau- 
bree  experimented  with  a  whole  series  of  minerals,  in  the  pro- 
duction of  which  hydrofluoric  and  boracic  acids  played  a  part. 
Sulphide  ores  of  various  kinds  likewise  received  attention,  and 
old  coins  and  bronze  implements  from  the  ancient  Roman  baths 
were  carefully  examined  to  see  what  light  they  could  throw  on 
the  more  obscure  questions  of„the  origin  of  ore-deposits;  for, 
as  is  shown  by  the  summary  of  his  work,  which  Daubree  pub- 
lished in  1879,*  in  these  experiments  it  was  the  origin  of  ore- 
deposits,  rather  than  the  production  of  single  minerals,  that  was 
always  before  his  mind. 

This  book  itself  gives  us  the  best  insight  into  the  fields  of 
investigation  which  received  his  attention  in  the  years  of  his 
prime;  and  a  brief  sketch  of  its  contents  will  set  forth  the 
range  of  his  activities.  It  opens  with  a  description  of  the  ex- 
periments to  produce  the  ores  and  associates  of  tin  and  the 
sulphide-minerals,  to  which  allusion  has  just  been  made.  After 
the  sulphide-ores,  the  book  takes  up  the  applications  of  the  ex- 
perimental method  to  the  study  of  metamorphic  and  eruptive 
rocks;  and  in  the  course  of  the  preliminary  discussion  the 
author  introduces  the  phrase  "  regional  metamorphism,"  which 
has  met  with  such  wide  adoption  since.  The  eftects  of  water, 
when  hot,  when  in  the  condition  of  steam  and  when  super- 
heated, are  passed  in  review,  and  important  observations  are 
recorded  from  the  mineral  formations  at  the  hot  springs  of 
Plombieres  and  elsewhere.  Conclusions  regarding  the  forma- 
tion of  zeolites  and  siliceous  sinters  in  volcanic  rocks,  and  re- 
garding igneous  phenomena  and  metamorphism,  follow.  They 
foreshadow  some  of  the  themes  treated  more  in  detail  in  the 
author's  subsequent  works  on  subterranean  waters.     The  ex- 

*  Etudes  Synthctiques  de  Geologie  Erperimenkde.     A  German  translation  by  tlie 
author's  friend,  Dr.  Adolf  Gurlt,  appeared  in  1880. 
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perimental  method  is  next   applied  to  the   explanation  of  vol- 
canic outbreaks  and  lavas,  especially  as  connected  with  water. 

In  the  second  part  of  the  hook  the  interesting  and  important 
experiments  in  the  production  and  transportation  of  sediments, 
and  the  parallelism  shown  by  the  artificial  products  with  those 
met  in  nature,  are  described.  These  have  appealed  not  alone 
to  geologists,  but  to  engineers  as  well,  and  to  all  engaged  in 
the  maintenance  of  channels  and  the  control  of  sediments. 
The  experiments  .  to  produce  joints,  faults  and  all  forms  of 
fractures  in  rocks  are,  however,  the  most  far-reaching  of  all  in 
their  applications.  Daubree  was  alive  to  the  importance  not 
only  of  simple  pressures  and  strains,  but  likewise  of  torsional 
stresses,  of  whose  profound  effects  upon  the  crust  of  the  earth 
we  are  becoming  yearly  more  thoroughly  convinced.  And  in 
the  recent  important  investigations  of  many  geologists  of  to- 
day, American  as  well  as  foreign,  we  can  trace  the  influence  of 
these  early  experiments  of  the  brilliant  Frenchman.  Nor  did 
the  important  relations  which  can  be  recognized  between  faults 
and  joints  on  the  one  hand  and  topography  on  the  other  fail  of 
elucidation  in  his  researches. 

From  imitating  the  phenomena  of  the  earth,  the  author  turns 
in  the  closing  pages  of  the  book  to  the  reproduction,  both 
chemically  and  mechanically,  of  those  of  meteorites,  and,  at  the 
same  time,  casts  much  light  on  the  problems  of  our  basic  and 
ultra-basic  igneous  rocks.  With  the  discussion  of  meteorites 
the  book  closes,  and  it  may  be  truly  said  that  upon  all  the  sub- 
jects treated  it  has  left  an  indelible  impress. 

In  the  three  large  volumes  which  appeared  in  1887,  and 
which  represent  in  part  the  activity  of  the  eight  years  following 
the  publication  of  the  work  just  cited,  Daubree  discusses  at 
length  the  work  of  water  as  a  geological  agent  in  the  past  and 
in  the  present*  The  full  titles  below  will  briefly  indicate  their 
scope,  and  make  it  evident  that  they  elaborate  some  of  the 
themes  outlined  in  his  earlier  work.  Like  that  work,  they  col- 
lect and  sum  up  many  scattered  brochures  of  the  author  into 

*  The  works  are  :  Les  Eaux  Souterraines  aux  Epoques  anciennes.  BSle  qui  leur 
revient  dans  I'origine  et  les  modifications  de  la  substance  de  Vecorce  terrestre.  Paris. 
1887.     One  large  volume. 

Lea  Eaux  Souterraines,  d  I'flJpoque  actuelle,  Icur  regime,  leur  temperature,  leur  composi- 
tion, au  point  de  vue  du  role  qui  leur  revient  dans  Vcconomie  de  Vecorce  terrestre.  1887. 
Two  large  volumes. 
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one  eoiuieeted  wliole.  Ore-deposits  and  metamorphisni  are  still 
ill  the  foreground,  and  were  clearly  the  principal  objects  which 
Danbree  had  in  mind.  We  need  only  note  the  citations  of  his 
books  in  Posepny's  recent  treatise  on  ore-deposits,  and  the  still 
more  extended  and  frequent  quotation  in  all  large  works  on 
metamorphisni,  to  ap[)reciate  his  influence  upon  investigators 
in  both  departments. 

The  qualities  of  Daubree's  persoiuxl  character,  as  exhibited 
to  all  who  were  honored  with  his  friendship,  were  not  less  ad- 
mirable than  his  intellectual  ability  and  scientific  attainments. 
Those  who  know  him  have  sustained  in  his  death  a  loss  for 
which  they  cannot  easily  be  consoled,  and  thus  feel  double 
reason  for  sharing  the  regret  expressed  by  the  scientific  world 
at  large, 

A  detailed  sketch  of  Daubree's  life  and  work,  and  a  bibliog- 
raphy, all  by  his  friend  of  forty  years,  Dr.  Adolf  Gurlt,  of 
Bonn,  will  be  found  in  the  Zeitschnft  fur  'praktische  Geologic^ 
July,  1896,  p.  281. 


Biographical  Notice  of  J.  F.  HoUoway. 

BY  JAMES  P.    LEWIS,    CHICAGO,    ILL. 

(Colorado  Meeting,  September,  1896.) 

The  death  of  Josephus  Flavins  Hollow  ay,  for  twenty-one 
years  an  active  and  beloved  member,  and  twice  a  Vice-Presi- 
dent, of  the  Institute,  cannot  be  allowed  to  pass  without  some 
expression  on  the  part  of  his  brethren  of  mingled  grief  and 
gratitude — grief  that  we  have  lost  his  genial  and  inspiring  pres- 
ence ;  gratitude  that  we  have  been  privileged  to  know  one  who 

lived 

"To  make  the  world  within  his  reach 

Somewhat  the  better  for  his  being, 

An<l  gladder  for  his  human  speech." 

The  present  sketch  of  his  career  and  character  is  oft'ered  as 
a  sincere,  though  inadequate,  expression  of  these  feelings. 

Mr.  Holloway's  father,  Joseph  T.  Holloway,  born,  in  1796,  in 
Sunbnry,  Pa.,  and  yielding  in  his  youthful  prime  to  the  pre- 
vailing impulse  of  his  generation,  started  alone,  with  knapsack 
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and  long  rifle,  for  what  was  then  "  the  West."  Reaching  the 
Ohio  river,  and  travelling  on  a  flat-boat  to  its  mouth,  he  pene- 
trated the  wilderness  of  Missouri,  encountering,  among  the  In- 
dians who  then  occupied  the  territory,  much  danger  and  hard- 
ship. Returning  subsequently  to  Sunbury,  he  married  there. 
Perhaps  the  girl  he  had  left  behind  him  was  the  cause  of  his 
return.  Such  things  have  happened ;  and  it  has  also  happened 
many  times,  as  it  did  in  his  case,  that  the  young  bride,  joining 
fortunes  and  fate  with  the  young  husband,  migrated  with  him 
to  the  mysterious,  enticing  "  "West."  Joseph  Holloway  and  his 
wife,  loading  a  one-horse  wagon  with  their  household  goods, 
made  this  adventure,  and  finally  settled  in  Uniontown,  Ohio, 
where  he  followed  his  trade  as  a  cabinet-maker,  and  where, 
January  18,  1825,  the  subject  of  this  sketch  was  born. 

But  in  1831,  with  the  mobility  characteristic  of  the  pioneer 
period  and  its  people,  they  moved  again,  to  the  new  settlement 
of  Cuyahoga  Falls,  where,  after  clearing  a  plot  of  ground, 
Joseph  Holloway  established  a  new  home,  and  resumed  his 
business  as  a  cabinet-maker.  Here  he  remained,  and  in  after 
years  was  elected  justice  of  the  peace  of  the  village.  He  became 
also,  without  any  election  save  that  of  his  own  impulse  and  in- 
spiration, a  preacher  of  the  Gospel  in  all  sorts  of  remote  and 
neglected  localities — at  country  cross-roads,  at  coal-mines,  in 
school-houses,  etc. — never  accepting  payment  for  his  services, 
but  even  carrying  with  him  food  and  forage  for  himself  and  his 
horse.  This  self-sacrificing  labor,  which  won  for  him  the  title 
of  "Father  Holloway,"  was  continued  until  he  died  in  1878, 
at  the  age  of  eighty-two.  His  wife,  who  passed  away"  in  1863, 
is  described  by  one  who  was  in  youth  her  nearest  neighbor,  as 
"  the  sweetest  woman  who  ever  lived."  Yet  her  sweetness  did 
not  prevent  her  from  rearing  her  children  with  a  strict,  though 
affectionate,  discipline. 

These  particulars  of  parental  character  and  experience  have 
been  stated  because  they  belong  to  the  environment  in  which 
the  subject  of  this  sketch  became  a  typical  American  engineer. 

Young  Holloway  was  but  six  years  old  when  his  parents 
moved  to  Cuyahoga  Falls ;  and  in  watching  "  the  wheels  go 
round "  in  the  mills  run  by  water-power  in  that  village,  he 
received  those  first  lessons  in  mechanical  engineering  which 
determined  his  future  life. 
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His  sole  opportunity  for  education,  furnished  by  the  country- 
school  of  that  day,  must  have  been  enjoyed  for  a  brief  period 
only;  for  at  the  age  of  fourteen  he  became  clerk  in  a  drug 
store.  Fortunately  this  establishment  included  a  department 
for  the  repair  of  watches  and  clocks,  in  which  he  spent  most  of 
his  time.  At  sixteen  he  was  apprenticed  as  a  machinist,  and 
at  twenty  he  went  to  Massachusetts,  where  he  worked  for  about 
a  year  at  his  trade.  In  1846  he  returned  to  Cuyahoga  Falls, 
and  was  employed  by  the  Cuj-ahoga  Steam  Furnace  Company. 

During  the  winter  of  1847-48  he  designed  and  built  at  Cleve- 
land, in  connection  with  Mr.  E.  H.  Reese,  the  propeller  "Ni- 
agara," for  use  upon  the  lakes.  Of  the  propeller-engine,  Mr. 
Holloway  has  said : 

"  It  was  not  much  of  an  engine  to  look  at,  but  it  was  a  good  one  to  go  ;  and, 
such  as  it  was,  it  was  built  from  the  drawings  made  by  the  boy  from  the  country 
machine-shop." 

When  the  boat  was  finished  it  was  loaded  w^ith  flour,  and  the 
two  proprietors  and  builders  of  the  machinery  took  the  craft 
to  Butialo,  where  it  was  to  be  turned  over  to  the  person  who 
had  furnished  the  money  to  build  it. 

This  trip  to  Buffalo  proved  to  be  the  turning-point  in  his 
career.  While  the  boat  w^as  tied  to  the  dock,  awaiting  the  com- 
pletion of  the  delivery,  a  gentleman  stepped  on  board,  saying 
that  he  would  like  to  look  at  the  machinery.  After  looking  it 
over,  he  asked  who  had  designed  the  engine,  and,  upon  learn- 
ing that  the  designer  stood  before  him,  bargained  with  him 
for  a  copy  of  the  drawings.  This  copy  Mr.  .Holloway  forwarded 
in  due  time,  and  soon  after  received  a  telegram  offering  him  a 
position  in  Pittsburgh,  at  a  liberal  salary,  to  superintend  the 
construction  of  two  steamships  for  the  Atlantic  coast-trade. 
Accepting  this  offer,  he  went  to  Pittsburgh,  and,  on  entering 
the  draughting-room  of  the  works  there,  was  surprised  to  find 
his  drawings,  endorsed  with  these  words  :  "  Approved.  Horatio 
Allen,  President  Novelty  Iron  Works,  New  York."  At  that 
time  the  Novelty  works  were  the  largest  and  most  noted  ma- 
chine-shops in  the  country,  and  Horatio  Allen  stood  at  the 
head  of  mechanical  engineering  in  America. 

It  was  about  1850  when  Mr.  Holloway  designed  and  super- 
intended the  building  of  the  two  propellers  in  Pittsburgh,  and 
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took  them  down  the  Ohio  and  Mississippi  to  New  Orleans  and 
thence  around  the  coast  to  New  York.  In  1851  he  designed 
and  buih,  in  Wilmington,  Del.,  a  side-wheel  iron  steamer  for 
the  Cuban  trade.  After  this,  he  had  charge  for  some  time  of 
the  Cumberland  Coal  and  Iron  Company,  at  Cumberland,  Md. 
From  Cumberland  he  went  to  Shawneetown,  111.,  where  he  re- 
mained in  charge  of  large  coal-  and  iron-w^orks  until  about 
1857,  when  he  w^as  called  to  become  successively  superinten- 
dent, manager,  and  president  of  the  Cuyahoga  Iron  Works, 
wdiich  he  conducted  with  conspicuous  success  until  1887, 
when  the  works  were  sold. 

This  Avas  the  conclusion  of  the  most  active  part  of  his  career ; 
and  indeed  he  longed  for  retirement  and  repose.  But  his  will- 
ingness to  work  was  greater  than  his  desire  to  rest;  and  he 
remained  in  harness  to  the  end,  occupying  for  some  years  the 
position  of  consulting  engineer  with  the  H.  R.  Worthington 
Company,  of  New  York  City,  and  subsequently  a  similar  posi- 
tion with  the  Snow  Pump  Company,  of  Buiialo,  N.  Y. 

Although  he  had  made  his  w^ay  as  an  engineer  by  the  force 
of  his  owai  genius  and  hard  work,  and  without  the  aid  of  a  sci- 
entific school-training,  Mr.  Holloway,  like  many  other  success- 
ful self-made  men,  appreciated  the  advantages  which  he  had 
not  himself  enjoyed.  Yet  he  was  loyal  in  his  recognition  of 
the  training  afforded  by  the  school  of  experience.  In  an  address 
before  a  graduating  class  of  mechanical  engineers  at  the  Stevens 
Institute,  he  said  of  technical  education  : 

"  I  liave  ever  felt  the  want  of  it  myself  and  have  admired  it  in  others  ;  but  for 
all  that,  I  have  a  most  kindly  feeling  for  my  'Alma  Mater,'  the  old-time  coun- 
try machine-shop,  of  which  to-day  there  lies  not  one  stone  upon  another.  Not  one 
sodden  timber  rests  in  the  forebay,  and  only  the  notched  recesses  cut  in  the  rocks 
on  the  river  bank  remain  to  show  where  the  old  water-wlieel  once  slowly  turned  on 
its  well-worn  gudgeons  ;  and  much  as  I  admire  the  grand  engineerijig-scliools  of 
to-day,  now  that  the  hard  toil  of  my  youth  is  over,  I  look  back  to  the  old  shop 
with  a  thankful  lieart,  that  amid  its  grime  and  dirt,  amid  its  hard  work  and  un- 
paid services,  I  learned  of  patience,  of  perseverance,  of  self-reliance,  and  handi- 
craft ;  and  above  all,  I  learned  under  most  trying  and  discouraging  circumstances 
to  close  tightly  my  lips  together  and  inwardly  vow  that  I  would  make  it  go, 
somehow." 

He  took  a  hearty  pleasure  in  social  and  professional  inter- 
course, and  w^as  an  active  and  honored  member  of  various  engi- 
neering societies. 
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Joining  the  Institute  in  1875,  he  signalized  his  connectiou 
with  it  hy  memorable  services  as  one  of  the  hosts  at  the  Cleve- 
land meeting  of  that  year.  In  1887,  and  again  in  1894,  he  was 
elected  a  Vice-President. 

In  1880  he  became  a  charter  member  of  the  Civil  Engineers' 
Club  of  Cleveland,  was  elected  Vice-President  in  1882,  after- 
wards three  times  President,  and  honorary  member  in  1891. 

He  was  one  of  the  founders,  in  1880,  of  the  American  So- 
ciety of  ^lechanical  Engineers,  and  was  for  three  years  a  Man- 
ager, and  in  1884  and  1885  President  of  that  Society. 

The  Engineers'  Club  of  New  York  City  also  counts  him 
among  its  founders.  He  was  one  of  its  Board  of  Management 
from  the  beginning,  and  served  two  years  as  its  President,  with 
honor  to  himself  and  to  the  Club. 

This  life,  so  full  of  the  romance  of  endeavor  and  achieve- 
ment, so  rich  in  honor  and  affection,  ended  at  last  not  far  from 
the  spot  where  it  had  begun.  Mr.  Holloway  died  in  his  own 
peaceful  home  on  the  banks  of  the  Cuyahoga ;  but  the  river 
no  longer  flowed,  as  it  had  done  seventy-one  years  before, 
through  a  frontier-wilderness.  The  growth  of  a  great  empire 
had  transformed  the  scene  upon  which  he  closed  his  eyes,  as 
he  fell  asleep  among  those  who  knew  and  loved  him  best.  And 
in  that  mighty  change  none  had  wrought  more  potently  than 
the  pioneer-engineers  of  America,  of  whom  he  was  an  honored 
representative. 

Mr.  Holloway's  generosity,  tolerance  and  good-fellowship 
were  known  to  everybody.  The  kindly  way  in  which  he  de- 
lighted to  speak  of  others  was  a  revelation  of  his  own  char- 
acter.    John  Fritz  truly  says  : 

"  It  will  be  a  most  difficult  task  to  do  liim  justice.  He  was  no  ordinary  man  ; 
and  I  know  of  no  one  who  has  left  more  true  and  sincere  friends." 

And  it  may  well  be  added  that  the  reason  lies  in  the  fact  that 
he  was  himself  a  friend,  true  and  sincere. 

He  was  a  bright  and  ready  speaker,  yet  still  more  gifted 
with  the  pen.  He  wrote  many  articles  and  addresses,  which 
were  characterized  by  felicity,  clearness  and  poetic  feeling. 

In  illustration  of  these  qualities,  I  give  the  following  ex- 
tracts from  an  article  in  Locomotive  Engineering^  entitled  "  Only 
a  Picture :  " 


832  BIOGRAriilCAL    NOTICE    OF    J.    F.    HOLLOWAY. 

"  It  was  a  little  thing — simply  a  small  picture  of  an  old-style  locomotive  placed 
in  the  middle  of  the  page  of  a  technical  journal  ....  and  a  line  below  it  which 
read  as  follows  :  '  Old  Cuyahoga  Engine,  Built  at  Cleveland,  Ohio.'  .... 

"  The  pictured  engine  might  be  the  '  Keindeer,'  '  Antelope,'  '  Leopard,'  or  any 
other  of  the  fleet  engines  designed  by  Ethan  Rogers  ;  but  no  matter  which  one  it 
was,  it  was,  in  its  day,  a  beauty  and  a  runner.  It  looks  light,  the  engineers  of 
to-day  will  say.  Well,  it  was  liglit,  and  fortunately  so  ;  for  the  road  on  which  it 
had  to  run  was  made  of  light  iron  rails,  in  many  places  spiked  to  slabs  that  lay  on 
top  of  the  ground,  with  neither  ballast  under  them  nor  ditches  beside  them  ;  and 
many  a  time  did  the  engines  come  into  the  round-house,  after  heavy  rains,  clay- 
washed  from  truck  to  top  of  smoke-stack.  Those  new  roads  were  not  only  unbal- 
lasted, but  they  were  so  uneven  that  had  not  the  engines  been  lightly  built  and  of 
the  best  wrought-iron,  they  would  have  wrenched  themselves  to  pieces  on  the 
roads  they  had  to  travel  on. 

"Those  were  pioneer  days  for  railroads  in  Ohio.  The  few  and  newly-built  roads 
were  mostly  through  the  woods  and  swamps,  having  a  single  track,  with  infre- 
quent sidings,  but  with  plenty  of  wet-wood  stations  in  tlie  winter  and  plenty  of 
dry-water  stations  in  the  summer,  and  telegraph-lines  at  no  time  ;  but  the  en- 
gines— they  were  daisies  !   .   .  .   . 

"I  suppose,  if  any  of  the  engineers  of  to-day,  the  fellows  who  run  the  big  mo- 
guls or  the  consolidations  or  the  flyers  on  the  Limited,  should  happen  to  see  this 
picture,  they  would  wonder  among  themselves  what  that  curved  arm  near  the  air- 
chamber  of  the  pump  was  for — that  is,  if  they  happened  to  know  that  pumps  were 
at  one  time  used  on  locomotives  ;  and  they  would  wonder  why  two  valve-stems 
came  out  of  the  steam-chest.  But  you  and  I  know  that  the  curved  arm  worked 
the  independent  cut-off  valve  that  Kogers  put  on  the  'Cuyahoga  engines,'  and 
which  helped  to  make  them  famous  in  their  day ;  for  the  vim  with  which  they 
would  start  a  heavy  train,  and  the  economy  with  which  they  used  steam  while 
underway,  used  to  astonish  the  down-east  engineers  who  came  out  west,  later  on, 
with  their  heavier-built  engines. 

"  Many  and  long  were  the  disputes  and  discussions  of  the  men  who  used  to 
run  and  swear  by  the  '  old  Cuyahoga  engines '  as  to  their  superior  merits,  as 
compared  with  engines  brought  from  the  Eastern  shops  and  run  on  the  same  or 
adjoining  roads ;  and  oddly  enough  did  they  settle  it.  When  differences  now 
exist  as  to  the  superiority  of  one  make  of  locomotive  over  another,  the  settlement 
of  the  question  is  left  to  scientific  experts,  who  are  usually  professors  of  mechani- 
cal engineering  in  some  college  or  technical  school,  who  proceed  to  lash  students 
to  the  front  of  the  engine,  one  on  each  side  of  the  cow-catcher,  furnishing  them 
with  levers,  pulleys,  strings,  indicators,  stop-watches,  etc.,  with  instructions  to 
take  cards  from  the  two  steam-cylinders  under  the  varying  conditions  of  load, 
speed  and  gi-ade.  The  observers  come  back  from  the  trip  with  their  hair  full  of 
dust  and  cinders,  their  faces  marked  with  grime,  and  their  hats  full  of  slips  of 
paper  covered  with  curved  lines,  all  differing  from  Hogarth's  line  of  beauty.  Over 
these  curved  lines  grave  professors  then  solemnly  ponder,  accounting  as  best  they 
may  for  their  sinuosity,  and  guessing  at  what  they  cannot  explain;  after  which, 
with  the  aid  of  planimeters,  scales  and  logarithms,  they  figure  out  that  one  engine 
is  better  than  the  other. 

"  Not  so  were  settled  the  questions  as  to  which  locomotive  could  pull  more,  steam 
better,  run  faster  or  hang  on  longer,  in  the  days  in  which  flourished  the  old  Cuya- 
hoga engines.  Tliere  were  good  talkers  among  tlie  runners  of  those  days,  who  were 
not  afraid  to  express,  in  language  often  more  expressive  than  polite,  what  they 
thought  in  favor  of  their  own  engines  or  in  disparagement  of  others;    and  many  a 
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summer  day  was  made  warmer  as  a  group  of  engineers  on  tlie  shady  side  of  tlie 
round-house  whittled,  bragged  and  bantered  each  other.  Once,  after  an  unusually 
warm  debate  over  the  performance  of  a  newly-arrived  Eastern  engine,  as  compared 
with  a  pet  engine  built  at  the  'old  Cuyahoga,'  it  was  decided  to  have  a  trial  of 
the  two  engines  in  order  to  settle  the  matter. 

"The  consent  of  the  master-mechanic  having  been  obtained,  a  trial  was  ar- 
ranged which,  in  every  respect,  differed  from  the  trial-trips  as  now  made  and 
above  described.  What  they  wanted  to  know  was,  which  of  the  two  engines, 
having  the  same  quantity  of  wood  and  water,  could  go  the  farther  on  the  same 
day  and  over  the  same  track.  So  it  was  arranged  that  the  'Cuyahoga  engine' 
and  the  Eastern  or  Yankee  engine,  as  it  was  called,  should  both  start  on  an  equal 
footing  from  Columbus,  and  run  as  far  as  they  could  towards  Cleveland  without 
replenishing.  It  may  be  well  understood  that  each  engine  was  put  in  the  best 
possible  trim,  and  each  engineer  and  fireman  was  at  his  best.  Along  the  line  at 
every  town  were  gathered  the  railroad-men,  from  the  wood-sawyer  to  the  station- 
agent,  to  greet  and  cheer  their  favorites  as  they  rolled  along  northward,  until,  at 
last,  the  Eastern  engine  struck  the  descending  grade  several  miles  outside  of 
Cleveland,  and  by  its  aid  managed  to  crawl  into  the  depot,  bereft  of  wood,  water 
and  steam.  Then  the  query  was.  Where  was  the  '  Cuyahoga  engine,'  of  which 
so  much  was  expected  ;  had  it  gone  dead  and  cold  somewhere  back  in  the 
Avoods,  and  would  another  engine  have  to  be  sent  out  to  drag  it  in,  lifeless  and 
disgraced  ? 

"  For  a  while  it  looked  blue  for  the  Cleveland  boys,  but  not  long  ;  for  soon  their 
pet  engine  was  seen  bowling  down  the  grade,  and,  as  it  neared  the  depot,  the 
crowd  parted  to  clear  the  track,  when  the  engineer  motioned  to  open  the  switch 
leading  to  tlie  Lake  Shore  track.  Then,  with  a  defiant  blast  of  victory,  it  dashed 
between  the  long  lines  of  spectators,  turned  its  front  towards  BufTalo,  and,  climb- 
ing the  heavy  eastward  grade,  the  backwoods  engine  rolled  on,  and  never  stopped 
until  it  reached  Painesville,  thirty  miles  away,  and,  like  Sheridan,  won  the  day. 
Such  a  test  would  not  at  this  time  be  deemed  at  all  scientific,  or  perhaps  satisfac- 
tory; but  it  settled  the  dispute  years  ago,  when  the  trial-trip  was  run  from  Colum- 
bus to  Cleveland. 

"The  shops  from  which  these  engines  came  were  the  first  in  which  locomotives 
were  built  in  the  West;  and  they  had  few  or  none  of  the  appliances  with  which 
the  present  locomotive-works  are  so  well  supplied.  They  were  situated  on  the 
banks  of  the  Cuyahoga  river,  with  no  tracks  near,  on  which  to  place  the  engines 
after  they  were  completed;  and  many  a  man  would  have  shaken  his  head,  had  he 
been  asked  to  build  engines  in  such  a  shop  and  with  such  tools,  and  then  to  take 
them  over  a  rickety  pontoon-bridge  in  order  to  deliver  them  on  a  railroad  track. 
But  Ethan  Rogers  had  the  genius  to  manage  it,  and  the  pluck  to  dare  it. 

"  What  a  time  it  used  to  be,  when  it  was  noised  about  town  that  Rogers  was  going 
to  take  a  new  locomotive  over  the  bridge  !  and  what  a  job  it  was  to  get  it  up  out  of 
the  yard  into  the  street,  and  to  run  it  around  there  on  an  improvised  turn-table  ! 
After  this  was  accomplished,  long  timbers  were  laid  across  the  old  pontoon-bridge 
and  a  short  distance  on  the  f)pposite  l)ank.  In  the  meantime,  steam  had  been  raised 
in  the  boiler,  and  the  crowd  of  spectators  driven  from  off  the  bridge,  and  the  street 
cleared  for  a  run  which  might  result  in  reaching  the  other  side,  or  in  sinking  bridge 
and  all  to  the  bottom,  just  as  luck,  or  skill,  and  the  coolness  of  Rogers  at  the  throt- 
tle might  decide.  At  last  the  decisive  moment  is  come;  and,  with  a  shriek  that 
might  indicate  defiance  or  despair,  the  throttle  is  opened  and  the  engine  makes  a 
dash  at  the  bridge,  which,  feeling  its  weight,  begins  to  sink  deeper  and  deeper,  as 
the  spectators  hold  their  breath  and  wonder  why  he  don't  go  faster ;  but  Rogers  has 
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done  it  before,  and  he  will  do  it  again.  Nearing  the  opposite  end  of  the  bridge, 
with  the  water  behind  him  awash  on  the  pontoons,  and  the  sinking  track  showing  a 
sliaqj  up-grade  before  him,  he  pulls  the  throttle-valve  to  its  widest  notch,  and  the 
spurred  engine,  leaping  as  if  for  life,  with  a  breathing  exhaust  that  tells  of  the 
struggle  it  is  making,  climbs  up  from  off  the  sinking  bridge,  and  lands  on  the  bank 
safe  and  triumphant." 

We  bid  him  an  affectionate  farewell  as  he  departs  to  join 
those  brethren  of  his  and  onrs  whom  he  used  to  recall  with 
such  glowing  praise.  He  goes  to  a  meeting  of  good  fellows, 
who  found  one  another  out  while  they  were  in  the  flesh.  And 
some  day  we,  who  remain,  shall  get  our  notice,  and  journey  to 
a  glad  reunion — with  Holley  and  Coxe  and  Holloway  on  the 
Reception  Committee  I 


The  Development  of  Colorado's  Mining  Industry.* 

BY  T.    A.    RICKARD,    STATE   GEOLOGIST,    DENVER,   COLO. 
(Colorado  Meeting,  September,  1896.) 

The  history  of  this  State  is  that  of  one  generation.  Thirty- 
six  years  only  have  elapsed  since  the  birth  of  that  beneficent 
industry  whose  footsteps  were  the  fir.st  to  traverse  the  wilder- 
ness of  the  prairies  and  penetrate  the  solitude  of  the  moun- 
tains. So  soon  is  history  made.  The  men  who  halted  on  the 
rolling  plain  where  Denver  now  stands  and  gazed  westward  at 
the  snow-clad  ranges  in  eager  questioning  of  their  possibilities 
of  golden  wealth,  have  lived  to  see  a  noble  city  built  where 
once  their  camp-fires  burned,  and  have  participated  in  the 
discovery  of  a  magnificent  series  of  productive  mines  amid  the 
mountains  which  seemed  at  that  time  the  Ultima  Thule  of  their 
pilgrimage. 

To  those  who  investigate  the  workings  of  our  complicated 
mining  and  metallurgical  industries,  the  story  of  their  evolution 
from  humble  beginnings  will  appear  an  instructive  romance. 
The  record  that  tells  it  presents  features  common  to  the  growth 
of  modern  mining  regions,  but  also  bears  aspects  peculiar  to 

*  This  paper  was  subsequently  presented  before  the  Colorado  Scientific  Society. 
The  present  version,  however,  is  later  in  jniblication,  and  contains  some  additions. 


THE  DEVELOPMENT  OF  COLORADO'S  MINING  INDUSTRY.   835 

those  local  conditions  upon  which  the  development  of  these  in- 
dustries is  so  essentially  dependent. 

In  the  suiunier  of  1849  a  party  of  seven  Georgians  were 
takino-  a  herd  of  thoroughhred  horses  across  the  continent  to 
Caliibrnia.    They  reached  Camp  Lyon,  on  the  Arkansas,  in  Oc- 
tober, and,  meeting  James  Dempsey,  a  government  guide,  they 
were  persuaded  bf  him  that  it  was  too  late  to  cross  the  moun- 
tains that  season. "   His  advice  was  followed,  and,  moving  north- 
ward, thev  established  a  winter  camp  at  the  junction  of  Cherry 
creek  and'  the  Platte.     Upon  a  sand-bar,  Uning  the  south  side 
of  the  river,  they  built  two  cabins.    During  the  closing  months 
of  that  year  they  prospected  the  alluvial  banks  of  Cherry  creek, 
but  did  not  penetrate  into  the  mountain  canons  for  fear  of  the 
Indians.     Gold  was  found  in  several  places,  and  particularly  at 
a  point  16  miles  up  the  stream.     From  the  feathers  of  the  wild 
geese  wdiich  they  shot,  they  made  quills,  serving  as  receptacles 
for  small  quantities  of  gold-dust. 

This  party  consisted  of  Dr.  Eussell  and  his  brother.  Green 
Russell,  A.  T.  Lloyd,  G.  W.  Kiker,  Charles  Kiker  and  P.  H. 
Clark.  Early  in  1850  they  crossed  the  range  by  the  Bridger 
pass  and  went  on  to  California.*  They  mined  near  Downieville 
and  were  successful.  Mention  was  occasionally  made  of  the 
gold  found  in  western  Kansas  when  on  their  way  across  the 
plains.  The  goose-quills  were  evidenced  in  proof  of  the  story. 
In  the  spring  of  1857  they,  with  others,  sold  out  their  inter- 
ests in  Cahfornia  and  returned  to  Georgia.  Before  separating 
it  was  agreed  among  several  of  them  that  in  the  near  future 
they  would  form  a  prospecting  party  to  go  to  western  Kansas 
and  search  for  gold. 

In  ^Liy,  1858,  eleven  of  them  met  at  the  Planters'  House  in 
St.  Louis.  In  addition  to  the  original  seven  there  were  present 
J.  A.  O'Farrell,  three  men  of  the  name  of  Chastine  and  another 
called  Fields.  All  save  two  were  old  Californians.  Having 
organized,  they  went  to  Leavenworth  by  water  and  thence  to 

*  These  facts  regarding  the  first  discovery  of  gold  in  Colorado  are  not  to  be 
found  in  any  of  the  so-called  iustories  hitherto  published.  I  obtained  them  in 
July,  1895,  from  Mr.  John  Andrew  O'Farrell,  at  Boise  City,  Idaho.  Mr.  O'Far- 
rell knew  the  Georgians  above  mentioned,  while  they  were  mining  in  California, 
and  subsequently  accompanied  them  when  they  made  their  second  trip  in  1858 
to  the  then  western  part  of  the  territory  of  Kansas.  It  is  this  second  expedition 
that  is  usually  considered  to  have  led  to  the  first  gold  discovery. 
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Camp  Harney  along  the  militar}''  road.  Late  in  July  they  left 
this  frontier  post,  accompanied  l)y  an  escort  of  twenty  men 
under  the  command  of  Captain  Lyon.  In  August  the  party 
reached  the  log  cabins  on  tlie  Platte.  The  hanks  were  at  that 
time  covered  with  the  wild  cherries  which  gave  the  tributary 
stream  its  name.  As  soon  as  camp  had  been  established,  they 
went  to  the  places  where  Eussell  and  his  friends  had  found  gold 
in  1849.  Sufficient  was  found  to  encourage  them.  Prospect- 
ing parties  were  then  organized.  One  of  these  went  northward 
until  they  came  to  a  mountain  stream  full  of  large  boulders. 
They  went  up  to  the  forks  of  Boulder  creek.  Li  a  small  basin 
on  the  left  hand  branch  they  found  gold,  and  called  the  spot 
Gold  Run.  Another  party  went  across  the  intervening  ridges 
to  Fall  river,  and  over  into  Spring  gulch.  They  did  not  de- 
scend into  the  valley  of  North  Clear  creek  at  that  time,  but 
crossed  Quartz  hill  and  found  rich  gravel  at  Russell  gulch, 
named  after  the  discoverer.  Green  Russell.  It  was  too  near 
winter  to  begin  serious  mining.  They  returned  to  camp.  Six 
of  the  party  went  east  to  procure  provisions,  returning  in  the 
spring  of  the  following  year,  1859. 

This  was  the  year  of  golden  discovery.  By  the  close  of  1858 
rumors  of  rich  diggings  had  crossed  the  plains,  the  rush  had 
set  in  and  crowds  began  to  arrive.  Among  these  came  John 
Hamilton  Gregory,  who,  with  J.  M.  Cotton  and  his  brother, 
"William  Cotton,  went  up  Clear  creek  and  discovered  the  out- 
crop of  the  Gregory  lode  on  the  6th  of  May,  1859.  This  date 
is  the  birthday  of  Colorado's  mining  industry. 

The  discovery  of  the  Gregory  lode  was  immediately  followed 
by  that  of  other  veins,  whose  production  in  the  succeeding  years 
made  Gilpin  county  the  leading  gold  mining  district  of  the  Rocky 
mountains. 

In  the  meantime,  bands  of  prospectors  had  scattered  all 
over  the  neighboring  hills,  and  were  iinding  the  gold  de- 
positories whose  later  developments  made  the  counties  of  Clear 
Creek,  Boulder,  Gilpin,  Summit,  Park  and  Lake  one  great 
mining  region. 

Boulder  was  contemporaneous  with  Gilpin.  In  1860  and 
1861  the  Columbia,  Ni  Wot,  Ilorsfal  and  Iloosier  veins  were 
discovered  and  brought  the  Ward  district  into  prominence.  A 
dozen  years  later  the  tellurides  of  Gold  hill  were  first  recog- 
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iiized  in  the  ores  of  the  Red  Cloud  mine.  The  recognition  of 
their  true  character  led  to  the  successful  exploitation  of  the  rich 
ore-bodies  of  the  Magnolia,  Melvina,  Slide  and  John  Jay  mines, 
and  to  the  growth  of  the  hamlets  of  Sunshine,  Salina,  Provi- 
dence and  Magnolia.  The  Cari])Ou  district  was  born  when 
Samuel  Conger  found  the  outcrop  of  the  Poorman  lode  in  the 
last  days  of  1869.*  The  development  of  the  Caribou  vein  began 
in  the  succeeding  year. 

The  pioneers  who  followed  up  North  Clear  creek  (or  North 
Vasquez,  as  it  Avas  then  called)  and  founded  Gilpin's  industry 
also  wandered  up  the  south  fork  of  the  stream  and  discovered 
the  veins  whose  development  gave  wealth  to  Clear  Creek 
county.  In  August,  1858,  George  Jackson  did  some  prospect- 
ing about  Vasquez  forks,  and  in  the  winter  of  that  year  he 
penetrated  to  Idaho  Springs  and  went  up  Chicago  creek. f  On 
the  7th  of  January,  1859,  he  found  rich  gravel.  This  led  to 
active  search  and  successful  work  amid  all  the  other  tributaries 
of  Clear  creek.  The  diggers  followed  the  stream  to  its  head- 
waters amid  the  snows  of  the  main  range^  and  discovered  the 
veins  above  Silver  Plume  and  Georgetown,  The  sluicing  of 
the  soft  outcrops  of  certain  veins  served  as  a  link  leading  from 
placer-  to  lode-mining.  The  Whale  above  Idaho  Springs  was 
one  of  the  first  so  worked  in  1861.  In  the  upper  country,  near 
Empire,  the  gossan  of  the  Griffith  vein  was  successfully  sluiced 
in  1859.  The  silver-ores  were  also  recognized  about  that  time, 
the  Running  lode,  in  Gilpin  county,  having  attracted  attention 
to  the  white  metal  because  of  the  yield  of  a  peculiar  bullion, 
rendered  intelligible  only  when  the  presence  of  silver  had  been 
determined.  The  silver-mining  industry  of  Upper  Clear  creek 
grew  to  important  dimensions  in  the  decade  succeeding  1870. 
The  Pelican  and  Dives  on  Republican  mountain  were  discov- 
ered in  1868,  but  did  not  commence  active  production  until 
1871.  The  Pay  Rock  was  found  in  1872.  The  mines  of  Sher- 
man mountain — the  Terrible,  Dunderberg,  Cory  City,  etc. — 
began  to  be  energetically  worked  early  in  the  seventies;  in 
Lower  Clear  creek,  John  Dumont  began  operating  the  Hukill 
in  1871.  In  1878  the  Hukill  and  Freeland  were  purchased  by 
J.  B.  Mackay  and  associates. 

*  For  many  of  these  data  I  am  indebted  to  Fossett's  History  of  Colorado. 
t  As  related  in  vol.  iv.,  of  Hall's  Ilintory  of  Colorado. 
VOL.  XXVI.— 54 


838      THE    DEVELOPMENT    OF    COLORADO'S    MINING    INDUSTRY, 

The  mines  at  the  head  of  Virginia  caiion  woke  to  life  by  the 
opening  up  of  the  Specie  Payment  in  1876. 

In  the  summer  of  1859  a  party  of  gold-seekers  followed  the 
Platte  from  the  foot-hills  through  its  gateway  into  the  South 
Park,  and,  camping  on  the  future  site  of  Fairplay,  they  crossed 
over  to  the  western  slope  and  descended  the  head-waters  of  the 
Blue  river.  Near  the  place  now  covered  by  the  town  of  Breck- 
enridge,  Reuben  Spalding  sunk  the  first  hole  that  disclosed  the 
riches  of  the  placers  of  the  Blue.  In  the  following  year  the 
gravels  of  its  tributary,  the  Swan,  were  prospected.  Alma  and 
Fairplay,  on  the  eastern  slope,  sprang  into  life  as  the  result  of 
the  alluvial  mining  which  then  began  a  productive  existence. 
It  was  not  until  1880,  however,  after  the  exhaustion  of  the  tirst- 
found  shallow  gold-bearing  gravel,  that  the  veins  of  Summit 
county  were  exploited.  The  placers  of  the  Blue  river  and  its 
tributaries  have  yielded  about  $35,000,000. 

So  were  born  the  mines  of  Clear  Creek,  Boulder,  Summit 
and  Park  counties.  But  more  wonderful  discoveries  were  in 
store.     Leadville  was  yet  to  be  uncovered. 

Among  the  scattering  bands  of  placer-diggers  who  spread 
over  the  ranges  in  1859,  one  party  followed  the  Arkansas  and 
camped  on  Georgia  bar.  In  the  following  spring  they  con- 
tinued up  the  river  and  divided  at  the  junction  of  California 
sculch  and  the  vallev  of  the  Arkansas.  In  a  little  vallev  lead- 
ing  from  Iowa  gulch  they  stopped  at  noon.  In  breaking 
through  the  snow  to  get  water  for  their  eoflee,  the  creek  had  been 
reached,  and  in  the  sand  John  O'Farrell  found  some  gold.  The 
pieces  of  porphyry  amid  the  gravel  reminded  the  discoverer  of 
similar  conditions  observed  on  the  Feather  river  in  California. 
Little  did  he  guess  the  significance  of  those  porphyry  fragments, 
or  the  enormous  wealth  which  that  rock  covered  on  the  neigh- 
boring hills.  This  was  April  6,  1860.  George  Stevens  and 
party  came  soon  after.  Their  discovery  claims  were  just  above 
the  site  of  the  A.  Y.  and  Minnie  mines.  Then  sprang  up  a 
placer-mining  industry  which  lasted  for  fifteen  years,  and  was 
only  obscured  by  the  greater  discoveries  which  ushered  in  an 
era  of  prolific  silver  mining. 

In  the  earlv  sixties  i»:ood  ffold  veins  were  found  on  Printer 
Boy  hill  overlooking  California  gulch.  These  mines,  of  which 
the  Printer  Boy,  Five-Twenty  and  Pilot  wore  the  chief,  were 
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productive  for  several  years  and  foreshadowed  tlie  development 
— tliirty  years  later — of  the  gold  region  rendered  distinguished 
by  the  yield  of  the  now  celebrated  Little  Johnny  property. 

In  1874  W.  H.  Stevens  and  A.  B.  Wood  came  over  the  range 
from  Fairplay,  where  they  were  mining,  to  build  the  Oro  ditch. 
"When  examining  California  gulch,  Wood  found  float  consist- 
ing of  carbonate  of  lead,  and  began  digging  on  the  south 
side,  now  known  as  Dome  hill,  on  what  was  afterward  the  Rock 
claim,*  lie  sank  a  little  shaft  through  the  drift,  which  covered 
the  outcrop,  at  a  point  subsequently  worked  by  an  open  cut. 
lie  found  ore  in  place,  but  of  low  grade.  This  was  in  the  fall 
of  1875.  He  made  arrangements  to  have  some  work  done  that 
winter,  and  this  led  to  the  uncovering  of  the  outcrop,  across 
California  gulch,  up  Iron  hill.  The  next  year  the  w^hole  line  of 
outcrop-claims  was  located  on  the  supposed  vein ;  and  ore  was 
taken  in  1877  from  the  Rock  claim  to  the  smelter  at  Malta, 
which  had  been  erected  three  years  before  to  treat  the  ores  of 
the  Homestake  mine.f  Stevens  got  the  Harrison  Reduction 
Company  of  St.  Louis  to  erect  smelting  works  in  1877,  and  in 
the  following  year  Mr.  James  B.  Grant  put  up  the  establishment 
from  which  in  later  years  grew  the  magnificent  metallurgical  in- 
dustry of  the  Omaha  &  Grant  Smelting  and  Refining  Company. 
In  1879  Messrs.  Anton  Eilers  and  Gustav  Billing  erected  the 
smelter  which  in  later  years  became  the  property  of  the  Arkan- 
sas Valley  Smelting  Company, 

In  1878,  also,  George  Fryer  sunk  a  hole  on  a  hill  north  of 
Stray  Horse  gulch,  and  found  carbonate  ore,  uncovering  in  this 
act  the  great  ore-measure  which,  as  "  the  first  contact  "  proved, 
was  one  of  the  most  remarkable  bodies  of  ore  known  in  mining 
geology.  A  month  later  Rische  and  Hook  happened  to  sink  a 
hole  where  the  contact  approached  the  surface,  and  found  the 
ore-body  which  subsequently  became  the  Little  Pittsburgh 
mine,  and  the  foundation  of  Tabor's  fortune.  Other  discov- 
eries followed  fast.  That  year — 1878 — Leadville's  output  ex- 
ceeded in  value  $3,000,000.  In  1887  it  culminated  in  an  outi)ut 
estimated  to  be  worth  $13,500,000.  Up  to  date  its  yield  has 
been  $215,000,000. 


*  Facts  obtained  through  the  courtesy  of  Judge  Weston,  of  Leadville,  wlio  was 
among  the  early  pioneers  of  tliat  region. 

t  Situated  on  the  Saguaclie  range  opposite  Leadville. 
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In  the  meantime  other  mining  camps  were  being  born.  In 
the  fall  of  1872  veins  were  found  near  Rosita,  in  Custer  county, 
and  in  1877  the  Bassick  began  to  produce,  creating  the  excite- 
ment of  Silver  cliff. 

Among  the  progeny  of  the  Leadville  boom  were  Kokomo  and 
Robinson,  in  the  Ten-Mile  district,  whose  checkered  career  be- 
longs to  later  days. 

In  the  meantime  the  mining  industry  of  Colorado  was  going 
through  the  troubles  of  its  early  youth.  The  history  of  Gilpin 
county  is  so  typical  of  this  phase  of  its  development,  that  I  have 
reserved  it  for  special  description. 

Following  upon  Gregory's  discovery,  other  veins,  subse- 
quently famous,  were  found.  On  the  15th  of  May,  the  Bates 
lode  was  uncovered,  on  the  25th  the  Gunnell,  Kansas  and  Bor- 
roughs.  The  Bobtail  was  discovered  in  June.*  The  early  min- 
ing operations  consisted  of  the  removal  of  the  soft  decomposed 
croppings  which  were  washed  in  the  sluices  after  the  fashion  of 
ordinary  placer-mining.  The  harder  outcrops  were  crushed 
under  trip-hammers  until  arrastras  were  introduced,  to  give 
way  in  their  turn  to  primitive  stamp-mills.  By  the  1st  of  July, 
1860,  there  were  60  mills  in  operation.  Everything  proceeded 
serenely.  But  the  gossan  gave  way  to  pyritic  ore  as  the  dis- 
covery-shafts penetrated  deeper.  The  saving  of  the  gold  became 
more  difficult.  In  spite  of  these  drawbacks,  the  richness  of  the 
upper  portions  of  the  first-found  lodes  was  such  as  to  leave  a 
handsome  margin  and  maintain  a  steadily  growing  population. 
In  the  winter  of  1863,  and  the  spring  of  1864,  several  mines 
were  sold  in  New  York  and  Boston.  A  stock-mania  super- 
vened, only  to  collapse  suddenly  in  April.  At  this  time  also 
came  the  period  of  incoherent  processes,  with  the  promise  of 
100  per  cent,  extraction.  The  inexperienced  chemist,  with  his 
revelation  for  cheap  ore-reduction,  continued  what  the  stock- 
jobber had  begun.  The  mining  industry  of  Gilpin  was  crippled 
unto  death. 

At  this  time  the  easily  amalgamated  surface-ores  had  in  many 
instances  become  exhausted,  giving  place  to  hard  pyritic  mate- 
rial, which  refused  to  yield  up  its  contained  gold.  Extraction 
in  the  stamp-mills  continued  to  become  worse.     Many  mines 

*  These  details  I  owe  to  an  admirable  little  book  on  the  gold-mines  of  Gilpin 
County,  by  Samuel  Cushnian  and  J.  1'.  Waterman,  1876. 
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were  compelled  to  close  down ;  others  were  operated  at  a  ruin- 
ous loss  of  the  gold  in  their  ores.  A  depression  fell  upon  the 
district,  which  was  not  removed  until  1868,  when  a  general  re- 
vival hegan.  The  leasing  of  claims  by  working  miners  led  to 
new  discoveries,  and  the  consolidation  of  adjoining  territory 
diminished  expenses.  At  this  time  the  smelter  came  to  the 
rescue  of  the  baffled  mill-man.  In  1867  the  Boston  and  Colo- 
rado Smelting  Company  was  organized  by  Professor  N.  P.  Hill. 
In  June  the  iirst  experimental  plant  was  erected  at  Black  Hawk. 
In  January,  1868,  the  establishment  opened  for  business.  In 
1873  the  company  ceased  the  shipment  of  mattes  to  Swansea, 
and  erected  a  refinery  under  the  direction  of  Mr.  Richard  Pearcc. 
In  1878  the  smelter  moved  to  Denver. 

This  represents  a  stage  of  progress  common  to  all  our  mining 
regions*  Crude  milling-methods  give  way  to  fire-reduction 
processes,  and  the  latter,  by  their  heavy  charges,  invite  the  mill- 
man  to  improve  on  his  cheaper  methods,  so  that  competition  is 
restored.  The  Black  Hawk  smelter  saved  the  mining  industry 
of  Gilpin  county  when  it  was  on  the  verge  of  utter  collapse. 
And  on  the  restoration  of  prosperity,  the  owners  of  the  stamp- 
mills  were  enabled  to  carry  on  experiments  whose  expense  was 
met  by  the  sale  of  ore  to  the  smelter,  so  enabling  them  to  evolve 
a  method  of  stamp-milling  which  was  well  adapted  to  the  treat- 
ment of  the  heavy  pyritic  ores  produced  by  their  mines.  In 
1871  the  problem  had  been  solved,  and  to-day  500  stamps  do 
excellent  work  with  the  low-grade  ore  of  the  district. 

Gilpin  county  has  produced  about  $68,000,000  to  date. 

While  these  problems  were  undergoing  solution,  mining  was 
winning  fresh  territory  southward,  amid  that  great  complex  of 
mountains  whose  waters  drain  into  the  San  Juan  river.  A 
party  of  pioneers,  guided  by  Jim  Baker,  Crossed  the  Sangre  de 
Cristo  range  and  reached  the  head-waters  of  the  Animas  in 
1861.  In  spite  of  snow-slides  and  Indians  the  search  for  gold 
and  silver  was  extended  over  the  neighboring  ranges.  The 
ratification  of  the  Brunot  treaty,  in  1873,  marked  the  cession  of 
this  part  of  the  territory  by  the  Indians,  and  removed  one  of 
the  most  serious  obstacles  to  the  development  of  the  region. 
In  the  meanwhile,  mines  were  being  opened  up  on  every  side. 
The  Baker  party  tested  the  river  gravels,  and  the  evidences  of 
their  placer-workings  still  remain  in  many  a  secluded  valley  to 
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tell  of  these  first  beginnings.  In  the  spring  of  1871  lode-mining 
may  be  said  to  have  commenced  by  the  discovery  and  location 
of  the  Little  Giant  vein,  just  above  the  present  town  of  Silver- 
ton,  by  Miles  T.  Johnson.  In  the  following  year  an  arrastra  was 
built,  and  the  gold  thus  extracted  out  of  the  ore  was  taken  for 
sale  to  Conejos,  the  nearest  trading  station.  In  1874  Judge 
Green,  of  Cedar  Rapids,  la.,  commenced  the  erection  of  a  smel- 
ter, the  machinery  of  which  came  on  burro-back  from  Colorado 
Springs,  Avhich  the  Denver  and  Rio  Grande  railroad  had  just 
reached.  The  ore  supply  of  this  smelter  came  principally  from 
the  Aspen,  which  at  that  time  was  the  chief  mine  in  the  locality. 

In  1875  Mr.  J.  A.  Porter,  the  metallurgist  of  Green  &  Co.'s 
smelter,  introduced  the  siphon-tap,*  and  in  the  following  year 
he  erected  the  first  water-jacketed  furnacet  built  in  Colorado. 

The  development  of  this  region  soon  rendered  the  Green 
smelter  inadequate ;  and  in  1880  the  works  of  the  San  Juan 
Smelting  and  Refining  Company  were  erected  at  Durango, 
which  locality  is  the  center  of  fields  of  excellent  coking-coal. 
This  was  one  of  many  instances,  occurring  at  this  period,  of  the 
tendency  to  centralize  the  smelting  industries  of  the  State  in 
the  valleys,  where  the  confluence  of  the  railroads  from  the  ad- 
joining mountains  enabled  the  metallurgist  to  obtain  the  nec- 
essary mixture  of  ores.  Thus,  in  the  course  of  time,  the  large 
reduction-works  of  the  State  became  concentrated  at  Denver 
and  Pueblo,  with  Durango  and  Leadville  as  subordinate  cen- 
ters. 

The  prospectors  who  made  Silverton  their  headquarters  scat- 
tered up  the  valley  of  Mineral  creek,  and  on  the  watershed 
separating  this  tributary  of  the  Animas  from  the  Uucompahgre 
found  the  veins  which  gave  fame  to  Red  mountain.  In  1879, 
Charles  Xewman  and  Harry  Irving  located  the  Carbon  Lake 
claim,  and  did  their  amiual  assessment  until  1882,  when  a  dis- 
covery of  copper-ore  was  made  on  the  adjoining  Congress 
claim  and  shipments  began.  In  August  of  the  same  year, 
Andrew  Meldrum,  while  out  hunting,  stumbled  upon  the  out- 
crop of  galena  which  marked  the   now  famous  Yankee  Girl 

*  The  first  siphon-tap  in  Colorado  was  put  in  by  Arents,  at  the  Swansea  works 
near  Denver.     Mr.  Porter  had  seen  it  in  use  at  Eureka,  Nevada. 

t  This  water-jacket  was  round  and  A  feet  in  diameter.     It  was  made  by  Fraser 

and  (lialiiiers. 
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vein.  Tlie  Anioriean  Belle  and  Guston  were  discovered  shortly 
afterwards.  Five  years  later  this  district  heeanie  a  magnificent 
[»r()tlucer  of  very  rich  copper-ores.  In  1894  a  smelter  was 
erected  at  Silverton  to  treat  the  product  of  the  region. 

In  the  meanwhile,  Gus  Begole  had  crossed  the  western  range 
from  Silverton,  and  descending  into  the  valley  of  the  Dolores, 
located  claims  which  later  became  the  Yellow  Jacket  and  Aztec 
mines.  But  the  ore  was  too  low  in  grade  and  the  work  soon 
ceased.  In  1878  John  Glasgow  and  Sandy  Campbell  came  north- 
ward from  La  Plata  City,  and  began  the  successful  development 
of  the  Grand  View  and  Atlantic  Cable,  causing  the  growth  of  the 
town  of  Rico.  The  news  was  spread  abroad  that  another  Lead- 
ville  had  been  found,  and  crowds  trooped  in  across  the  hills  dur- 
ing the  summer  of  1879.  In  the  fall  of  1880  the  smelter  began 
operations.  iSTevertheless  the  district  would  have  gained  but 
slight  distinction,  had  not  the  ore-deposits  of  Newman  hill  been 
found.  These  began  to  be  productive  when,  on  the  6th  of  Oc- 
tober, 1887,  David  Swickheimer  struck  the  big  ore-body  of  the 
Enterprise  mine. 

In  June,  1870,  gold  was  found  in  Wightman's  gulch.  This 
led  to  the  location  of  the  Little  Annie  in  September,  1873,  and 
the  opening  up  of  the  Summitville  district,  which  is  tributary 
to  Del  iN^orte,  whose  position  made  it  a  natural  gateway  to  the 
watershed  of  the  Rio  Grande. 

In  1874  the  placers  of  the  San  Miguel  river  attracted  the 
prospector  to  the  slopes  of  the  Ophir  and  Mt.  Sneffels  ranges. 
This  led  to  the  discovery  of  the  Smuggler-LTnion  vein,  which  is 
credited  to  John  Fallon,  who  located  the  Sheridan  claim  in 
1875.     The  next  year  J.  B.  Ingram  located  the  Smuggler. 

A  French  company,  under  the  direction  of  M.  Charles 
Laforgue,  erected  the  present  Pandora  mill  and  operated  the 
Pandora  and  Oriental  mines  during  1877  and  succeeding  years. 

Among  the  earh'  locations  were  the  Belmont  and  Tomboy, 
situated  on  the  trail  which  crosses  the  range  from  Silverton 
and  Red  Mountain,  but  the  value  of  the  lode  was  not  evidenced 
in  the  first  workings,  and  the  company  organized  in  1892  by 
Mr.  J.  H.  Ernest  Waters  was  unsuccessful.  His  good  opinion 
of  the  value  of  the  mine,  however,  was  amply  confirmed  by 
later  developments,  following  a  reorganization  effected  in  1894. 
The  Tomboy  mine  became  a  larger  producer  two  years  later. 
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The  ftict  that  most  of  the  mines  were  well  above  timber-line 
(11,000  feet),  with  the  attendant  high  cost  of  transport  and 
living,  delayed  the  opening  up  of  this,  the  Telluride  district. 
The  consolidation  of  claims  and  the  energy  of  a  group  of  very 
capable  men  overcame  these  obstacles,  so  that  to-day  the  dis- 
trict offers  some  of  the  very  best  examples  of  the  application  of 
modern  skill  to  mine-exploitation. 

Beyond  the  southern  ridges  is  the  Ophir  district,  which  be- 
came productive  at  about  the  same  date.  The  Summit,  one  of 
the  best  producers  in  the  early  days,  was  located  in  1874.  It 
w^as  extensively  worked  in  the  early  '80's,  and  led  to  the  erec-. 
tion  of  a  smelter  at  Ames,  in  the  valley  of  the  San  Migael. 
The  fuel  used  was  aspen  and  spruce  pine.  Iron-sinter,  from 
the  springs  above  the  town  of  Ophir,  served  as  flux.  The  lead- 
ores  came  from  the  Summit,  and  also  from  the  Caribou,  Valley 
View,  Nevada,  Silver  Belle  and  other  mines.  The  campaign 
was  brief;  and  all  that  now  remains  is  a  small  slag-dump. 

The  similar  fate  of  many  such  schemes  of  twenty  years  ago 
led  to  the  gradual  recognition  of  the  futility  of  erecting  small 
smelters  in  remote  corners,  where  the  needed  supply  of  suitable 
ores  and  fluxes  was  unobtainable,  fuel  was  expensive,  and  busi- 
ness conditions  were  unfavorable. 

Among  the  old  districts  recently  revived  is  the  La  Plata 
mountain  region,  north  of  Durango  and  south  of  Rico.  In 
1873,  Captain  John  Moss,  representing  Tiburcio  Parrott  and 
other  San  Francisco  capitalists,  came  up  the  San  Juan  river 
from  Arizona  and  penetrated  the  La  Plata  mountains,  being 
attracted  thither  by  the  gold-bearing  gravel  of  the  streams.  He 
followed  the  latter  to  their  source  and  discovered  a  large  num- 
ber of  veins.  The  Comstock,  Morovitz,  Euclid  and  Ashland 
claims  were  located  at  that  time.  Parrott  City  was  founded, 
and  great  activity  characterized  the  camp  for  a  brief  period. 
But  the  complex  telluride  ores  proved  refractory;  and  the 
arrastra  was  found  to  be  powerless  to  extract  the  values.  Great 
expectations  had  a  sequel  of  small  accomplishment.  The  dis- 
trict became  depopulated.  In  1894  new  discoveries  were  made, 
and  a  revival  took  place,  leading  to  more  serious  work,  which 
now  promises  better  tilings. 

And  so  we  come  to  recent  times,  no  less  stirring  than  the  old. 
The  liistorv  of  the  last  decade  centers  round  the  discoverv  of 
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Aspen,  the  stories  of  Creede  and  of  Cripple  Creek,  the  deehne 
of  silver-mining  and  the  development  of  new  gold-tields. 

The  first  discovery  in  the  Hearing  Fork  district,  of  which 
Aspen  is  the  center,  was  made  July  3,  1879,  when  I*hilip 
W.  Pratt  and  Smith  Steel,  coming  from  Gothic  hy  the  Ma- 
roon pass,  found  the  Galena  mine  on  West  Aspen  mountain. 
On  the  following  day  they  located  the  Spar  claim  on  Aspen 
mountain,  and  on  the  5th  Messrs.  Allhright  and  Fuller  located, 
at  the  foot  of  Smuggler  mountain,  the  Little  Rock  claim,  cover- 
ing a  part  of  the  property  of  the  present  Smuggler  mine.  The 
Smuggler  claim  itself  Avas  located  August  30th,  hy  Charles  Ben- 
nett. On  account  of  the  theft  of  the  first  four  pages  of  the 
district  recorder's  hook,  it  hecame  necessary  to  make  reloca- 
tions, which  now  appear  on  the  records  at  Gunnison,  the  dis- 
trict heing  then  a  part  of  Gunnison  county. 

The  first  mineral  survey  was  made  on  the  Monarch  mine, 
October  12,  1879,  by  John  Christian,  of  Leadville.  The  site 
of  the  present  city  of  Aspen  was  devastated,  in  September  of 
that  year,  by  a  forest-fire,  in  which  many  horses  and  pack-mules 
were  lost.  An  Indian  scare,  following  the  Meeker  massacre, 
caused  most  of  the  prospectors  to  leave  the  camp ;  but  a  sufii- 
cient  number  remained  to  build  log-cabins  on  the  site  now  oc- 
cupied by  Aspen,  which  was  located  as  a  placer-claim  Septem- 
ber 20,  1879,  by  Walter  Clark. 

It  was  not  until  ten  years  later  that  the  new  district  won  a 
commanding  position.  At  that  time  (1889)  the  Aspen,  Aspen 
Compromise  and  Compromise  mines  maintained  a  large  out- 
put, and  it  was  in  1891  that  the  big  bonanza  of  the  Mollie  Gib- 
son was  uncovered.  Aspen  is  credited  with  a  production  of 
8,275,000  ounces  of  silver  in  the  year  1892. 

IsT.  C.  Creede  found  the  float  of  the  Holy  Moses  vein,  on  West 
AVillow  creek,  a  tributary  of  the  Rio  Grande,  in  1889.  As  a 
consequence,  the  King  Solomon  district,  as  it  was  then  called, 
began  to  attract  the  prospectors  scattered  in  the  mountains 
above  Del  Norte.  No  important  results  ensued  until  in  June, 
1891,  Mr.  D.  H.  Moffat  and  Capt.  L.  E.  Campbell  came  to  Wagon 
Wheel  gap  to  visit  the  Holy  Moses,  on  which  they  had  secured 
an  option.  Creede, was  enga,ged  to  prospect  for  them.  Shortly 
afterwards,  Theodore  Renniger  found  rich  float  o.n  Bachelor 
mountain,  lie  was  unsuccessful  in  finding  the  vein  in  place  until 
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Creede  came  alons;,  and,  at  a  point  200  feet  highci'  up  on  the 
liill-slope,  discovered  the  outcrop  of  a  hirge  lode.  He  located 
the  Amethyst  claim  and  then  informed  Kenniger,  who  on  the 
same  vein  took  np  another  claim,  which  he  called  the  Last 
Chance.  This  was  on  the  8th  of  August,  1891.  It  should  be 
added  that,  three  years  previously,  J.  C.  McKenzie  had  located 
several  claims  on  a  heavy  quartz  outcrop,  about  150  feet  above 
the  Amethyst.  These  were  afterwards  abandoned  until  the 
fall  of  1891,  when  the  Del  Monte  location  covered  them.  Debris 
from  the  upper  portions  of  the  mountain  had  so  obscured  the 
outcrop  of  the  Amethyst  that  its  earlier  recognition  had  been 
prevented.  After  Creede's  discovery  but  little  work  was  re- 
quired to  prove  the  existence  of  a  magniticent  lode,  and,  as  a 
consequence,  the  camp  sprang  into  tremendous  activit}',  cul- 
minating in  the  boom  of  1892.  The  immediate  extension  of 
the  railway  from  Wagon  Wheel  gap  stimulated  a  production 
which  reached  its  maximum  in  an  output  of  $3,100,000.  Then 
in  the  summer  of  1893  came  the  sudden  fall  in  silver  and  a 
collapse  from  wdiich  Creede  has  not  yet  recovered. 

Creede  and  Cripple  Creek  w^ere  rivals  in  attracting  attention 
in  1891.  Both  have  had  strange  vicissitudes.  Our  new  gold- 
Held  lies  on  the  southern  slope  of  Pike's  Peak,  whose  snow-clad 
crest  was  the  beckoning  guide  of  the  pioneers  of  1858.  Al- 
though no  gold-discoveries  of  any  moment  were  made  in  the 
early  days  among  the  streams,  or  on  the  hills  lying  at  the  foot 
of  the  old  beacon  mountain,  it  nevertheless  gave  its  name  to  the 
mining  excitement  of  that  period.  Time  has,  however,  of  late, 
justified  the  expectations  of  the  tenderfeet  of  forty  years  ago. 

The  first  recorded  locations  were  made  in  February,  1891, 
but  the  clustering  hills  Avhich  are  now  dotted  with  productive 
mines,  had  been  disturbed  by  the  miner's  pick  as  early  as  1874. 
Silver-ores  were  found  in  a  shaft  located  close  to  the  present 
Elkton  mine.  Ores  rich  in  the  white  metal  have  been  found  in 
late  years,  and  the  Moose  made  one  shipment  of  30  tons,  carry- 
ins:  an  average  of  70  ounces  of  silver,  in  addition  to  the  gold. 

It  was  in  April,  1894,  that  this  district  became  the  scene 
of  the  queer  fiasco  which  has  gone  into  local  history  as 
the  Mt.  Pisgah  excitement.  A  crowd  of  4000  men  were 
brouiiht  too-ether  on  the  rumored  discovery  of  rich  placer- 
ground.     Nothing  was  found  save  in  the  holes  of  the  original 
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locators.  Man  had  endeavored  to  remedy  nature's  niggardli- 
ness, and  the  poor  rock  had  been  artificially  enriched.  Lynch- 
ing was  threatened,  but  the  attempt  to  catch  the  perpetrators 
resulted  in  fiiilure,  after  which  the  hill  slopes  again  became 
tlie  quiet  cattle-ranges  for  which  they  seemed  best  adapted. 
Those  deluded  }»rospectors  let  slip  a  great  opportunity.  Mt. 
Pisgah's  dark  front  now  overshadows  the  bus}'  streets  of  the 
town  of  Cripple  Creek ;  and,  on  the  ridges  opposite,  line  after 
line  of  smoking  chimneys  bespeak  a  long  succession  of  pro- 
ductive mines. 

During  the  spring  of  1891  Crip])le  Creek  began  to  receive 
respectful  mention  in  mining  circles ;  but  the  discoveries  made 
at  Creede  during  that  summer  diverted  attention  from  a  dis- 
trict whose  previous  experience  had  given  it  an  unsavory  repu- 
tation. When,  however,  the  silver-market  collapsed  in  June, 
1893,  and  mining  seemed  prostrated,  the  men  of  Aspen  and 
Leadville  turned  with  the  energy  of  despair  to  the  new  gold- 
field  which  previously  had  been  pooh-poohed,  and  the  concen- 
trated activities  of  the  State  were  directed  to  the  development 
of  Cripple  Creek.  "With  a  rare  good  fortune,  the  new  camp 
answered  to  the  call,  and,  as  explorations  extended,  there  came 
a  swift  succession  of  rich  discoveries  which  caused  the  output 
to  spring  from  $583,000  in  1892  to  $2,100,000  in  1893.  This 
growth  continued  so  that  in  1894  the  yield  was  $3,900,000,  and 
in  1895  it  reached  $7,800,000.  These  figures  are  sufficiently 
elocpient  of  the  development  of  a  district  which  to-day  is  the 
largest  producer  of  all  the  gold-mining  camps  of  the  United 
States. 

During  the  past  three  years  discoveries  in  other  parts  of  the 
State  have  received  mention,  and  large  claims  have  been  made 
in  behalf  of  several  new  districts.  West  Creek,  Cottonwood, 
Ilahn's  Peak  and  the  Gunnison  region  may  be  cited.  Of  these 
the  last  named  is  much  the  most  important.  At  the  head-waters 
of  certain  streams,  tributary  to  the  Gunnison  river,  there  have 
been  found  veins  which  are  now  supplying  several  stamp  mills 
with  pay-ore,  and  have  given  birth  to  the  settlements  of  Yulcan, 
Spencer,  Iris  and  Dubois. 

While  the  new  territory  wliich  has  been  won  during  later 
days  adds  its  tribute  of  gold  and  silver  to  the  yield  of  the  old 
established  mining  centers,  it  must  be  noted  that  the  latter  have 
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also  accommodated  themselves  to  new  economic  conditions. 
In  certain  instances  the  gold-output  now  exceeds  the  silver, 
while  before  1893  the  reverse  was  the  case.  This  is  tv^pical  of 
the  changed  conditions  regulating  the  industry.  It  is  a  strik- 
ing evidence  of  that  resourcefulness  which  has  enabled  the 
State  to  overcome  diificulties.  The  decline  of  silver-mini  no- 
led  directly  to  an  impetus  in  the  search  for  gold,  and  the 
variety  of  ores  so  puzzling  in  the  infancy  of  our  smelting  in- 
dustry is  to-day  its  chief  aid,  because  it  permits  the  attainment 
of  that  admixture  of  material  which  is  the  essential  of  success- 
ful reduction. 

Colorado  has  yielded  to  date  gold  valued  at  $137,475,000, 
and  silver  having  a  coinage-value  of  nearly  $400,000,000. 

Thus,  from  humble  beginnings,  a  great  and  complicated  in- 
dustry has  been  created.  Its  development  may  be  summarized 
in  four  periods :  the  discoveries  in  Gilpin  county  and  the  ad- 
joining camps  in  the  granite  rocks  of  the  Front  range ;  the  era 
of  silver-mining  in  the  carboniferous  limestones  of  Leadville, 
Aspen  and  Rico ;  the  development  of  the  iissure-veins  in  the 
andesites  of  the  San  Juan ;  and  lastly,  the  revival  of  gold-min- 
ing consequent  upon  the  uncovering  of  a  great  series  of  ore- 
deposits  in  the  volcanic  complex  of  the  Pike's  Peak  region. 

The  information  contained  in  this  paper  was  largely  derived 
from  those  who  took  a  prominent  part  in  the  early  develop- 
ment of  the  State.  The  writer  is  particularly  indebted  to 
Judge  "Weston,  of  Leadville,  and  to  Messrs.  T.  A.  Porter,  J.  P. 
Waterman,  J.  A.  O'Farrell,  Charles  Newman,  ^lajor  Camp- 
bell, H.  A.  Vezin  and  D.  W.  Brunton. 


The  Occurrence  and  Treatment  of  Certain  Gold-Ores  of 
Park  County,  Colorado. 

BY  B.    SADTLER,    DENVER,    COLO. 

(Colorado  Meeting,  September,  189G.) 

The  oldest  producing  district  of  Park  county,  and  in  fact  one 
of  the  olde«t  producing  gold-districts  of  the  State,  is  situated 
on  the  head-waters  of  the  Platte  and  tributary  streams.     Geo- 
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logically,  the  district  is  a  continuation  of  the  Leadville  series; 
the  greater  portion  of  it,  in  fact,  being  mapped  in  the  Leadville 
sheets  accompanying  the  work  of  Prof.  S.  F.  Emmons,  of  the 
United  States  Geological  Survey.  It  differs,  however,  from  the 
Leadville  district  proper,  from  which  it  is  separated  by  the  Mos- 
quito range,  in  having  a  uniform  dip  toward  the  east,  in  being 
far  less  faulted,  in  showing  a  very  much  smaller  amount  of  por- 
phyry and  in  l)eing  very  much  less  decomposed,  the  tremendous 
decomposition  observed  in  the  Leadville  limes  and  porphyries 
being  only  comparatively  slightly  shown  here.  The  London 
fault  seems  to  be  practically  the  only  large  fault  showing  east 
of  the  crest  of  the  Mosquito  range;  others  observed  being 
comparatively  small.  The  occurrences  of  ore  mentioned  below 
present,  however,  some  very  distinctive  features,  which  are 
briefly  as  follows : 

The  principal  gulches,  of  creeks  heading  in  the  Mosquito 
range,  have  cut  down  into  the  Laurentian  granites  and  schists. 
The  mines  in  this  section,  which  include  the  Horseshoe,  Mos- 
quito, Buckskin  and  other  gulches,  are  almost  entirely  worked 
by  tunnels  and  above  the  creek-levels,  the  Brownlow  and  one 
or  two  other  properties  being  the  principal  exceptions. 

The  larger  proportion  of  the  veins  observed  have  not  been 
developed  at  all  in  the  granite,  and  some  of  them  do  not  extend 
down  into  the  granite.  This  is  probably  due  to  the  fact  that 
most  of  the  veins  mined  in  the  quartzite  have  become  pinched 
on  entering  the  granite,  and  some  of  them  seem  to  start  right 
at  the  contact  between  the  quartzite  and  granite,  probably  re- 
ceiving their  mineralization  from  this  contact,  or  from  different 
planes  of  parting  in  the  sedimentary  rock.  There  are,  however, 
some  notable  exceptions  to  this  statement.  Among  those  com- 
ing under  my  personal  observation,  the  Cleaner,  Chicago  and 
Union  Xo.  5  show  ore  in  the  granite  of  grade  equal  or  superior 
to  that  encountered  in  the  upper  levels. 

A  generalization  of  the  ore-occurrence  would  be  roughly  as 
follows :  Where  the  veins  occur  in  the  granite  they  show  all 
the  ordinary  characteristics  of  veins  in  this  formation ;  on  reach- 
ing the  quartzite  they  generally  widen  out  and  do  not  seem  to 
have  well-defined  walls,  protrusions  of  the  quartzite  into  the 
ore-body  being  frequent,  and  the  ore  in  many  instances  follow- 
ing the  bedding-planes  for  some  feet  away  from  the  vein.     This 
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is  very  clearly  observed  in  the  workings  of  the  Fassett  Mining 
and  Milling  Company,  and,  in  fact,  in  practically  all  of  the 
veins  in  the  quartzite.  It  is  especially  notable  in  the  Criterion 
mine  on  Mt.  Bross.  The  greater  part  of  the  ore  exposed  in 
this  property  lies  along  the  contact;  a  sheet  of  ore,  6  feet  and 
more  in  thickness,  being  shown  by  both  the  outcrop  and  drifts 
for  at  least  75  feet  away  from  the  vein. 

Immediately  overlying  the  Cambrian  quartzite  the  ore-bodies 
are  generally  considerably  extended  in  a  lateral  direction  along 
a  band  of  shale  which  underlies  the  Silurian  white  lime.  At 
this  point  the  veins  which  have  been  heretofore  mainly  gold- 
bearing,  and,  in  the  mines  at  any  distance  above  creek-level, 
pretty  well  oxidized,  commence  to  show  a  considerable  propor- 
tion of  galena  and  silver,  in  addition  to  the  gold.  The  veins 
also  change  their  appearance,  being  comparatively  narrow  and 
showing  well-defined  walls,  except  at  the  intersections  with  some 
of  the  planes  of  parting,  where  they  again  spread  out,  forming 
in  cases  quite  considerable  ore-shoots  at  these  intersections. 
Continuous  development  or  underground  connections  between 
these  veins  and  the  ore-bodies  found  in  the  Carboniferous  lime, 
have  not  been  made ;  but  the  observations  made  in  the  Moose, 
Dolly  Varden  and  other  mines  in  the  Carboniferous  lime  seem 
to  indicate  that,  as  a  rule,  these  fissures  do  not  penetrate  an  in- 
trusive sheet  of  porphyry  which  is  generally  found  near  the 
horizon  of  the  parting  quartzite.  Such  ore-shoots  generally 
carry  high  silver-values,  and  seem  to  resemble,  in  their  appear- 
ance, the  Leadville  ore-bodies,  overlying  each  other  on  succes- 
sive contacts  without  any  well-defined  connecting  fracture  or 
fissure. 

The  general  trend  of  the  fissures  observed  has  been  north- 
easterly and  southwesterly.  They  are  at  times  intersected  by 
porphyry  dikes,  which  have  in  several  instances  apparently 
acted  as  dams,  showing  on  the  southerly  side  an  enlargement 
of  the  ore-body,  while  toward  the  north  the  veins  are  usually 
pinched  for  some  distance  beyond  the  dikes,  rarely  commencing 
to  widen  again  inside  of  fifty  feet. 

The  ore  in  the  quartzite  and  granite,  especially  in  the  former, 
has  been  generally  found  to  be  oxidized ;  this  oxidation  being 
more  complete  in  the  mines  above  the  creek-  or  gulch-level, 
and  a  larger  proportion  of  sulphides   showing  in  each  lower 
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level  reached.  A  vein,  however,  which  is  thoroughly  oxidized 
in  the  quartzite,  will  frequently  show  a  very  large  proportion 
of  galena  and  other  sulphides  in  the  limes.  I  would  attribute 
this  mainly  to  the  greater  width  of  the  vein  in  the  quartzite 
and  to  the  greater  opportunities  for  percolation,  due  to  the  ex- 
cessive shattering  of  this  stratum. 

As  we  proceed  further  east,  we  reach  the  rocks  of  the  Jura- 
Trias,  which  show  in  Mt.  Silverheels.  Several  properties  on 
the  eastern  slope  of  this  mountain  were  investigated,  and,  as  far 
as  observed,  the  ore  was  found  maiidy  to  occur  along  the  bed- 
ding-planes of  the  sedimentary  rocks,  although  some  was  also 
noted  along  the  contacts  of  porphyry  dikes  intersecting  these 
rocks.  The  observations  made  in  regard  to  these  properties 
seem  to  apply,  as  far  as  I  can  learn,  to  other  districts  along  the 
eastern  slope  of  the  Mosquito  range,  which  I  have  not  visited. 

Southern  Park  County. 

The  area  of  recent  eruptive  rocks  observed  at  Cripple  Creek 
is  mapped  by  Hayden  as  extending  across  the  southern  end  of 
Park  county,  one  corner  of  which  in  fact  reaches  within  a  few 
miles  of  Cripple  Creek.  Considerable  prospecting  is  going  on 
in  this  section,  some  of  which  I  have  had  opportunity  to  ob- 
serve ;  the  results  so  far  obtained,  while  encouraging,  have  not 
as  yet  resulted  in  the  discovery  of  any  producing  mines.  They 
are  briefly  as  follows  : 

At  and  near  Balfour  a  number  of  well-mineralized  porphyry 
dikes  were  discovered  and  some  float  of  good  grade  was  found. 
The  miners  made  the  mistake  of  considering  these  dikes  to  be 
veins,  and  sunk  on  them  in  a  few  cases,  linding,  as  was  to  be 
expected,  only  occasional  seams  of  good-grade  quartz.  The 
contacts  of  these  dikes  were  in  no  cases  prospected — which  was 
doubtless  a  mistake,  as  the  dikes  themselves  generally  showed 
from  $2  to  $4  in  gold  per  ton.  About  half-way  between  Bal- 
four and  Cripple  Creek,  near  the  eastern  edge  of  Park  county, 
or,  to  be  more  accurate,  in  the  southeastern  corner,  consider- 
able systematic  prospecting  is  being  done.  Part  of  this  has 
been  done  under  my  observation,  with  the  following  results : 

A  series  of  dikes  of  igneous  rock  were  observed  to  carry 
from  §2  to  $6  gold  per  ton.  Prospecting  the  contact  of  these 
dikes,  mainly,  as  yet,  by  10-foot  holes,  has  shown  notable  amounts 
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of  low-grade  ore,  running  from  $6  to  $12  per  ton.  Besides  this, 
several  bunches  or  pockets,  yielding  between  $20  and  $30  per 
ton,  have  been  encountered,  as  well  as  two  small  pockets  of  very 
high  grade ;  assays  of  from  $100  to  over  $1400  per  ton,  all  in  gold, 
having  been  obtained.  I  have  also  information  from  reliable 
parties  in  Cripple  Creek,  who  are  having  work  done  in  the  same 
section,  with  similar  results  so  far — i.e.,  considerable  low-grade, 
and  occasional  pockets  of  high-grade,  ore.  There  has  not  as 
yet  been  sufficient  development  in  this  district  to  speak  with 
certainty,  further  than  the  facts  quoted  above. 

Through  the  kindness  of  Prof.  E.  C.  Hills,  of  Denver,  who 
determined  it  for  me,  I  am  able  to  describe  the  dike-rock  above 
mentioned,  which  is  a  mica-porphyrite,  with  the  following 
characteristics : 

Macroscopic. — Color  purplish-gray,  showing  phenocrysts  of 
biotite  and  plagioclase. 

Microscopic. — Moderately  fresh  plagioclase  in  prominent  crys- 
tals, with  biotite  crystals  somewhat  smaller,  in  a  granular 
ground-mass,  in  which  recognizable  microliths  of  plagioclase 
and  biotite  are  imbedded.  The  ground-mass  is  rather  murky, 
owing  to  a  little  kaolinization  induced  by  weathering. 

Ore-Treatment. 

The  greater  part  of  the  ores  examined  near  Alma  required 
rather  more  than  simple  amalgamation.  The  ores  found  in  the 
quartzites  were  most  nearly  free-milling,  when  found  in  the 
upper  part  of  the  mountains.  Beside  what  was  saved  by  amal- 
gamation, these  produced  about  3.5  per  cent,  of  a  concentrate, 
carrying  about  $30  in  gold  per  ton.  Ores  taken  from  mines 
lower  down,  or  nearer  the  creek-level,  in  the  quartzite,  showed 
an  increased  proportion  of  sulphides,  yielding  from  10  to  18 
per  cent,  of  concentrate.  As  we  approach  still  nearer  the 
creek-level  the  proportion  of  sulphides  runs  still  higher.  While 
chlorination  is  not  the  rule  in  the  district,  concentrates  from 
the  particular  mines  tested  were  all  susceptible  of  chlorination, 
tests  having  shown  from  80  to  90  per  cent,  saved  by  that  pro- 
cess. While  the  ore  from  a  number  of  properties  not  exam- 
ined is  reported  to  be,  and  probably  is,  of  the  same  character, 
a  considerable  proportion  of  it  certainly  carries  copper;  some 
of  it  having  been  made  a  basis  for  copper-smelting  operations 


GOLD-ORES    IN    RAINY    RIVER    DISTRICT,    ONTARIO,    CANADA. 


853 


in  the  earlier  days  of  the  camp.  The  ores  occurring  in  the 
limes,  where  they  are  not  high  enough  in  grade  to  stand  direct 
shipment  to  the  smelters,  concentrate  very  nicely  on  account  of 
their  percentage  of  galena.  This  concentration  is  especially 
necessary  where  the  ores  are  mined  together  with  those  from 
the  quartzite,  jigs  being  used  to  remove  the  galena  prior  to  the 
amalgamation  which  is  in  most  instances  necessary,  on  account 
of  the  general  presence  of  free  gold  in  the  quartz,  independent 
of  the  sulpliides  or  oxides. 

In  most  of  these  cases  some  rusty  gold  seems  to  escape  in 
ordinary  mill-work.  Experiments  for  the  recovery  of  this,  by 
scouring  and  grinding  such  tailings,  have  been  extremely  suc- 
cessful when  a  sufficiently  fine  mesh  was  used ;  and  devices  to 
effect  such  a  saving  will  be  put  in  on  a  large  scale. 

The  ores  from  the  Silverheels  district  referred  to  seem  to  be 
susceptible  of  amalgamation  only  near  the  surface,  and  to  de- 
pend on  concentration,  or  sufficient  values  for  shipment,  for 
profits  in  deeper  mining.  In  the  southern  part  of  the  county 
laboratory-tests  and  small  mill-runs  have  been  made  on  the  low- 
grade  ores  referred  to,  both  by  chlorination  and  cyanide  pro- 
cesses, with  favorable  results. 


The  Occurrence  of  Gold-Ores  in  the  Rainy  River  District, 
Ontario,  Canada. 
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Since  1880  the  occurrence  of  gold-ore  has  been  known  in 
the  Lake  of  the  Woods  district.  In  1879  the  writer  examined 
a  so-called  silver-location  in  the  lake.  More  recent  develop- 
ments have  extended,  south  and  east,  to  the  Rainy  lake  and 
along  the  Seine  river,  which  flows  from  the  northeast  into  the 
Rainy  lake. 

The  gold  occurs  in  quartz-veins  in  the  Iluronian  series. 
These  Huronian  rocks  occur  in  belts  in  the  Laurentian ;  the 
latter  being  the  predominant  formation  in  the  eastern  part  of 
Ontario. 
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The  general  characteristics  of  the  Iluronian  rocks  in  the  dis- 
tricts above  mentioned  are  the  evidences  they  carry  of  great 
igneous  activity.  On  some  of  the  islands  in  the  Lake  of  the 
AVoods  volcanic  ashes  have  been  weathered  out  most  clearly, 
and  lava  beds,  with  which  they  are  interstratified,  are  equally 
well-marked.  Figs.  1  and  2  show  these  conditions.  Most  of 
the  igneous  rocks  in  this  locality  have  been  subject  to  con- 
siderable alteration. 

In  Schists. — The  majority  of  the  volcanic  rocks,  both  eruptive 
and  intrusive,  have  been  highly  altered  by  pressure  and  chemical 
action  into  a  series  of  schists  and  schistose  conglomerates, 
chiefly  of  a  greenish  color.  These  schists  are  occasionally 
acccompanied  by  quartz-veins  running  with  them.    The  quartz 


Fig.  I 


Outcrop  of  Volcanic  Series  on  Crow  Island, 
Lake  of  the  Woods,  Ontario. 


Sketch  of  Volcanic  Tuff  Weathered 
Out  at  A,  Fig.  ] . 


is,  for  the  most  part,  very  irregular  in  these  occurrences,  and  is 
generally  lens-like  in  its  disposition  in  the  schists.  There  are 
exceptions,  however,  to  this  rule;  as,  for  example,  at  Bath 
Island,  where  remarkably  persistent  veins  run  with  the  apparent 
bedding  of  the  schists.  (See  the  description  of  Rock-section 
No.  1,  under  Examples  of  Country- Rocks,  page  861.) 

It  is  noticeable  in  some  instances  that  the  bedding  of  the 
schists  may,  indeed,  have  been  set  up  by  pressure  after  the 
formation  of  the  veins,  or  after  the  action  of  the  forces  which 
gave  rise  to  the  fault-  or  fissure-lines  in  which  they  have  formed. 
In  two  uncertain  instances  from  the  Lake  of  the  Woods  dis- 
trict, and  in  another  very  conclusive  one  from  British  Columbia, 
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I  have  discerned  in  rock-sections  a  line  of  bedding  previous 
to  that  now  adopted  by  the  schistose  structure  running  parallel 
to  the  vein. 

The  minerals  in  the  Lake  of  the  Woods  schists  have  been 
much  crushed,  and  a  great  deal  of  alteration  lias  taken  place. 
Flow-structure  and  fracturing  of  the  mineral  is  very  com- 
monly noticed  in  specimens  of  the  wall-rocks.  In  many  in- 
stances the  quartz  infiltrations  and  bands  in  schists  have,  with- 
out doubt,  followed  shear-zones,  and  the  quartz-infiltrations 
occupy  the  buckles  of  the  formation,  as  is  frequently  noticed  in 
the  Cariboo  schists  of  British  Columbia.  It  is  needless  to  say 
that  quartz-bodies  occurring  in  this  way  are  very  irregular  and 
terminate  abruptly;  but  they  are  so  numerously  distributed  in 
some  bands  of  the  formation  that  mining,  without  doubt,  will 
be  prosecuted  profitably  where  the  quartz-lenses  occur  at  no 
great  interval  from  one  another. 

In  the  Seine  River  district,  stringers  of  quartz,  carrying  ex- 
cellent specimens  of  free  gold,  are  found  running  with  the 
schists  in  many  places,  and  it  is  confidently  expected  by  the 
owners  that  the  belts  in  which  they  occur  will  be  mined  with 
profit.  This  occurrence  is  probably  similar  to  some  of  the  low- 
grade  rock  which  is  mined  in  ISTorth  Carolina. 

There  is  little  doubt  that  the  schists,  especially  in  the  vicinity 
of  the  intrusive  granite,  are  well  worthy  of  attention ;  and  it 
is  altogether  probable  that  belts  of  schists  and  quartz-stringers 
wnll  be  milled  profitably  on  a  large  scale  in  one  or  more  locali- 
ties. 

No  locations  in  the  schists  have  had  much  work  done  upon 
them  in  the  Seine  River  district.  The  gold  which  has  been 
found  on  the  surface  occurs  essentially  in  a  free-milling  condi- 
tion. Rock-sections  Nos.  2  and  S,  under  Examples  of  Country- 
Rocks,  below,  are  other  representatives  of  these  schists  in  which 
veins  occur. 

Ill  Gi^anites  and  Greenstones. — The  most  prolific  of  all  rocks 
in  the  Rainy  River  district  is  intrusive  granite,  both  in  its  nor- 
mal condition  and  altered  to  the  decomposed  state  of  protogene. 
The  granite  areas  in  the  Lake  of  the  Woods  part  of  the  district 
are  chiefly  of  the  former  character.  Sometimes  the  gold-carry- 
ing veins  occur  at  or  near  the  junction  between  granite  and 
greenstone,  and  sometimes  they  are  found  cutting  through  the 
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granite  into  the  neighboring  greenstone.  It  is  noted  that  the 
copper  contents  have  increased  Avhen  in  the  latter  rock.  Fre- 
quently the  schists  in  the  \acinitj  of  the  granite  carry  veins 
which  furnish  a  high-grade  of  auriferous  quartz. 

There  are  also  areas  of  plutonic  greenstones  which  retain 
more  or  less  of  their  massive  characteristics,  like  the  intrusive 
granite.  These  are  also  found  to  contain  quartz-veins,  which 
carry  more  or  less  gold.  This  is  true  both  of  the  close- 
grained  or  greenstone  type,  as  in  the  case  of  the  country-rock 
at  the  Pine  Portage  mine  (Rock-section  Xo.  4,  below),  and 
of  the  coarsely  crystallized  gabbro  type,  which  is  developed 
in  a  large  area  in  the  vicinity  of  Lake  Bad  Yermilion,  where 
the  Randolph  and  other  veins  carry  some  high-grade  gold- 
quartz. 

Fig.  3. 


n,    Altered  Granite  b,    Diabase  Dike 

Section  of  Formation  at  tlie  Sultana  Mine,  Lake  of  the  Woods,  Ontario. 

One  very  interesting  occurrence  in  the  gabbro  near  Lake  Bad 
Yermilion  is  worthy  of  note.  A  large  vein  of  quartz  carrying 
breccia  of  the  wall-rock  has  again  been  subject  to  fracture, 
chiefly  at  right  angles  to  its  strike,  and  a  great  number  of  vein- 
lets  cross  it  at  right  angles  and  carry  little  breccia  and  horses 
of  the  original  vein.  These  latter  veinlets  furnish  fine  speci- 
mens of  quartz-gold,  and  individually  give  high  results.  An 
attempt  is  being  made  to  ascertain  if  the  whole  mass  will  fur- 
nish sufiiciently  high  results  to  make  it  a  paying  proposition. 

The  same  gabbro  on  the  other  side  of  the  lake,  near  a  large 
granite  area,  carries  strong  quartz-veins  which  sometimes  yield 
as  much  as  $25  to  the  ton.  These  veins  have  a  good  deal 
more  copper  in  them  than  those  in  the  neighboring  granite. 
Fig.  4  shows  the  series  of  formations  in  a  generalized  section. 

Plutonic  dikes  are  found  intimately  connected  with  the  origin, 
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if  not  with  the  niiueral  contents,  of  some  of  the  veins.  This 
is  notably  the  case  at  the  Sultana  mine,  in  the  Lake  of  the 
Woods  district,  as  shown  by  the  diagram.  Fig.  3,  where  it  will 
be  observed  that  a  great  dike  has  fractured  a  porphyritic  quartz- 
syenite,  or  a  granitic,  which  has  been  squeezed  and  very  con- 
siderably altered,  and  in  which  occurs  the  Sultana  vein,  running 
parallel  with  the  trend  of  the  trap  (Rock-section  No.  5,  below). 
The  vein  being  mined  varies  from  a  foot  or  two  up  to  40  feet 
in  width,  audits  mineral  contents  are  chiefly  iron  pyrites  with 
free  gold,  milling  as  high  as  from  |20  to  $30  per  ton. 

It  has  been  stated  in  some  ofhcial  reports  and  bulletins  that 
some  of  the  gold-veins  occur  in  the  original  Laurentian  gneiss 
or  granite.  I  think  that  this  will  be  found,  on  thorough  inves- 
tigation, to  be  a  mistake;  that  the  granites  in  question  will  be 


a,    Conglomerate  (Kecwatiu) 
C,    Keewatin  (Huronian)  Green  Schists. 
Laurentian  Gneiss. 


/(,  Intrusive  Granite 
d,  Intrusive  Gabbro. 
f.    Auriferous  Veins. 

Cross-Section  of  Fonuations,  Illustrating  the  Occurrence  of  Some  Gold  Bearing 
Veins  near  Seine  Kiver,  Rainy  River  District,  Ontario. 

found  to  be  intrusive,  and  that  the  semblance  of  gneissic  or 
schistose  structure,  observable  near  the  vein,  has  resulted  from 
local  pressure  and  metamorphic  action.  The  Sultana  vein  is 
an  example. 

In  the  Seine  river  section,  the  most  important  veins  yet  de- 
veloped are  in  fissures  cutting  areas  of  greenish  altered  granite 
or  protogene  (Rock-section  No.  6,  below).  Mining  operations 
are  in  progress  on  several  of  these.  In  some  of  the  areas  the 
veins  are  strong  and  very  numerous,  but  only  a  small  propor- 
tion of  them  carry  enough  gold  to  be  mined  with  profit. 

A  recent  discovery  in  the  altered  granite,  improperly  called 
a  dike,  appears  to  be  a  large  quartz  lode,  much  mixed  with 
altered  green  chloritic  material,  and  with  some  finely  diflused 
iron  and  copper  pyrites.  On  it,  the  Hammond-Folger  locations 
have  been  proved  to  carry  some  good  pay-ore;  and  it  is  said 
that  the  workable  pay-quartz  is  of  great  width. 
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In  two  well-defined  instances,  at  the  Ferguson  and  AVilliam 
Wiegand  locations,  crushed  or  altered  country-rock,  alluded  to 
as  a  dike,  runs  with  the  vein.  Schistose  structure  has  been  set 
up  in  it.  Its  composition  consists  of  large  pieces  of  quartz, 
fine  grains  of  feldspar  andmuscovite-talc  ground-mass,  with  some 
hiotite  and  accessories  of  pjrite  and  calcite.  In  appearance  it 
is  a  gray  close-grained  rock,  difl:eFing  distinctly  from  the  usual 
protogene. 

In  Felsitic  Bands. — In  the  Lake  of  the  Woods  and  Seine  dis- 
tricts bands  of  schistose  felsite,^  composed  chiefly  of  feldspar  with 
a  little  mica,  occur.  They  are  generally  sprinkled  with  small 
cubes  of  iron  pyrites  (Rock-section  N^o.  7,  below).  These  bands 
have  received  a  great  deal  of  attention  at  the  hands  of  pros- 
pectors, for  frequently  they  are  found  to  pan  a  small  amount 
of  gold,  as  a  rule  just  enough  to  prove  an  aggravation.  Veins 
of  quartz  are  also  found  cutting  them,  and  these  sometimes 
carry  enough  gold  to  be  found  profitable;  but,  again,  some 
of  the  veins  cutting  this  formation,  while  mineralized  with  a 
good  deal  of  iron  pyrites,  are  yet  not  rich  enough  to  work 
profitably. 

General  Character  of  Ore. — The  gold-bearing  quartz  in  this 
old  formation  might  naturally  be  expected  to  be  peculiarly  re- 
fractory. Such,  indeed,  was  the  impression  resulting  from  the 
first  operations  which  took  place  in  the  Lake  of  the  Woods, 
and  from  the  first  investigation  by  the  Geological  Survey  of 
the  character  of  the  ores.  Much  arsenic  was  reported  to  have 
been  found,  and  the  gold-values  were  said  to  be  particularly 
associated  with  refractory  p3'rites,  from  which  they  could  not 
be  extracted  by  amalgamation.  A  couple  of  mills  were  started 
some  years  ago  in  the  Lake  of  the  Woods  district,  and  the  re- 
sult of  their  work  was  very  detrimental  to  the  district.  Either 
they  ran  on  an  ore  which  was  of  too  low  grade  to  pay,  or  ignor- 
ance of  the  principles  of  milling  was  the  cause  of  their  inability 
to  save  the  gold. 

Recent  operations  have  proved  that,  in  one  instance  in  the 
Lake  of  the  Woods,  and  in  another  instance  in  the  Seine  River 
district  (both  in  altered  granite),  the  ore  is  free-milling  at  the 
depth  of  more  than  200  feet;  and,  in  a  third  instance,  that 
while  the  ore  is  free-milling,  yet  more  skill  than  is  at  present 
brought  to  bear  is  needed  to  save  fine  gold  which  escapes  in 
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the  tailinii;s.  Cyanide-treatment  is  about  to  be  used  on  these 
tailinii::s,  and  it  shouhl  be  successfid. 

To  quote  a  few  examples :  The  result  of  the  working  of  the 
Sultana  mine  up  to  the  present  time  has  been  that  at  least  90 
per  eent.  of  the  ore  has  been  free-milling.  The  concentrates, 
of  which  from  1  to  2  per  cent,  are  reported  to  exist  in  the  ore, 
average  from  $30  to  $40  per  ton,  and  are  treated,  by  chlorina- 
tion.  A  mill-run  on  the  Seine  river,  from  a  granite  (protogene) 
area,  gave  a  similar  proportion  of  yield. 

As  an  example  of  a  high  yield  from  a  small  lot  of  ore,  a 
mill-test  of  114  tons  from  the  Mieado  mine  in  the  Lake  of  the 
Woods  district  might  be  quoted.  This  yielded  by  free-milling 
$7640,  or  $67  to  the  ton,  the  concentrates  not  being  estimated. 

Pan-amalgamation  tests  from  a  vein  in  the  protogene  gave  a 
little  over  90  per  cent,  of  free-milling  ore,  and  the  percentage 
of  free-milling  extraction  from  ore  occurring  in  the  schists, 
from  near  the  surface,  was  also  very  high. 

It  must  be  noted  that,  with  the  exception  of  the  Sultana  and 
the  Regina  in  the  Lake  of  the  Woods  district  and  the  Foley 
mine  in  the  Seine  River  district,  no  considerable  depth  has  yet 
been  reached  ;  but  as  the  above  have  proved  their  ore  to  be  en- 
tirely free-milling  from  200  to  300  feet  in  depth,  the  outlook 
for  the  district  is  extremely  promising  as  an  area  in  which 
free-milling  ores  can  be  mined  at  a  comparatively  low  cost.  It 
might  be  expected  with  reason  that  the  free-milling  character 
in  the  altered  granites  would  last  as  far  down  as  the  granite 
has  been  altered  into  protogene. 

In  the  Seine  River  district  the  veins  cutting  protogene  are 
found  to  carry  their  gold  in  a  very  free  condition,  and  in  most 
cases  the  gold  is  very  coarse.  Some  ores  which  carry  much 
pyrites  and  which  might  be  expected  to  be  more  refractory, 
have  shown  by  milling-tests  that  they  have,  as  far  as  sunk 
upon,  the  major  part  of  their  gold  in  a  free  condition. 

Some  of  the  veins  cutting  the  protogene  are  highly  mineral- 
ized with  zinc-blende,  iron  pyrites  and  galena,  and  to  a  lesser 
extent  with  copper  pyrites. 

The  gold-contents  do  not  appear  to  be  influenced  by  an  ex- 
cessive mineralization ;  for  some  of  the  basest-looking  ores, 
highly  charged  with  the  above-mentioned  minerals,  have 
proved   on   assay  to  run  comparatively  low  in  gold-contents, 


860       GOLD-ORES    IN    RAINY    RIVER    DISTRICT,  ONTARIO,  CANADA. 

while  other  veins  heariii";  the  same  amount  of  mineral  ecive 
high  results. 

It  is  noted,  however,  that  in  cases  where  mineralization  is 
entirely  absent  a  vein  is  usually  found  to  be  barren  in  its  gold- 
contents,  following  the  general  rule  in  this  regard;  and  it  is 
also  observed  that  the  ore-shoots  which  carry  gold  enough  to 
pay  to  mill  are  by  no  means  universal,  though  their  proportion 
is  probably  e~qual  to  that  in  most  other  mining  districts. 

There  is  little  doubt  in  the  mind  of  the  writer  that  through 
this  great  extent  of  Huronian  formation  in  the  Rainy  River  and 
Lake  of  the  Woods  district,  out  of  the  many  veins  which  have 
already  been  located  (the  number  of  which  locations  will  be  im- 
mensely increased  in  the  next  few  years),  as  large  a  proportion  of 
paying  gold-mines  will  be  developed  as  are  found  as  an  average 
in  successful  mining  districts. 

Conveniences  of  the  District. — The  district  enjoys  very  fair 
transportation-conveniences,  which  are  being  constanth'  im- 
proved. 

Wages  are  low  in  comparison  to  the  west,  miners  being  paid 
from  §1.50  to  §2.50  per  day. 

As  an  example  of  the  cost  of  mining  in  the  Lake  of  the 
Woods: — a  shaft,  6  feet  by  16  feet,  cost  §35  per  foot;  winzes,  5 
feet  by  7  feet,  §25  per  foot;  drifts,  5  feet  by  7  feet,  §15  per 
foot ;  stoping  on  a  3-  to  4-foot  vein,  §3  per  ton ;  milling  in  a 
10-stamp  mill,  about  §1.75  per  ton. 

On  the  Seine  river,  sinking  costs  from  §25  to  §40  per  foot, 
drifting  by  machines  about  §10  and  hand-drifting  §15  per  foot 
in  the  granite. 

Output. — The  gold-yield  of  the  Province  of  Ontario  has  been 
almost  entirely  from  the  Rainy  River  district.  The  Bureau  of 
Mines  gives  the  following  returns  of  output : 


r  the  year  ending  October  31,  1893,    . 

.    $32,960 

"       1894,    . 

.      32,776 

"               "                          "       1895,    . 

.      50,281 

"                         "      1896,    . 

.     121,848 

Examples  of  Country-Bocks. — The  following  detailed  descrip- 
tions of  specimens  of  country-rocks,  as  determined  by  micro- 
scopic examination  of  prepared  sections,  may  be  of  interest. 
The  photographs  of  the  slides  unfortunately  did  not  bring  out 
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the  clitfereiit  iniiieriils  distinctly,  and  therefore  somewhat  crude 
sketches  have  been  reproduced  here. 

My  thanks  are  due  to  Prof.  ^Miller,  of  the  Kingston  School 
of  Mining,  for  assistance  in  connection  with  the  rock-sections. 

1.  A  schist  (Fig.  5)  forming  the  country-rock  at  Bath  IsU\nd, 
Lake  of  the  AVoods,  consists  of  masses  of  quartz  and  iron  py- 
rites with  a  schistose  ground-mass,  principally  of  quartz,  mixed 
with  untwinned  feldspar  and  a  very  few  streaks  of  chlorite. 
The  rock  has  been  subjected  to  great  pressure  parallel  to  the 
vein. 

2.  A  schist,  much  decomposed,  consisting  of  a  fine-grained 
feldspar,  with  chloritic  masses,  a  little  unaltered  pyroxene,  some 
calcite  and  a  number  of  small  specks  of  pyrite,  forms  the  coun- 


FiG.  5. 


Fig.  6. 


Schist  at  Batli  Island. 
P,  pyrite. 


Q,  quartz  ; 


Schist  at  Arrastra  Vein,  near 
Eat  Portage. 


try-rock  of  the  Lyall  mine  in  the  Rainy  Lake,  the  operation  of 
which  has  been  unsuccessful  hitherto. 

3.  A  schist  (Fig.  6)  forming  the  country-rock  at  the  Arrastra 
vein,  east  of  Rat  Portage,  Lake  of  the  Woods,  consists  of  a 
crushed  schistose  mass.  The  chief  nuitrix  is  feldspar,  with  some 
quartz  and  mica.  Streaks  or  lines  of  the  latter  show^  flow- 
structure  around  masses  of  the  original  rock  from  which  the 
schist  has  been  formed.  One  of  these  masses  showed  a  bed- 
ding, or  schistose  structure,  at  an  angle  of  30°  to  that  of  the 
present  structure. 

4.  A  greenstone  (Fig.  7)  forming  the  country-rock  of  Pine 
Portage  mine.  Lake  of  the  Woods,  is  much  crushed,  and  con- 
sists chiefly  of  a  crushed  matrix  of  chlorite  (resulting  from  the 
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decomposition  of  pyroxene),  some  feldspar  and  pyroxene.  The 
feldspar  is  present  chiefly  as  little  veinlets.  The  rock  is  an 
altered  diabase,  which  wonld  probably  be  fonnd  at  greater 
depth  in  its  unchanged  condition. 


Fig.  7. 


Fig.  8. 


Country-Eock,  Pine  Portage  Mine. 

A,  pyroxene  ;  C,  chlorite  ; 

F,  feldspar. 


Country-Eock,  Sultana  Mine. 
F,  feldspar  ;  H,  hornblende  ; 
P,  pyrite. 


5.  The  country-rock  of  the  Sultana  mine  (Fig.  8)  shows  signs 
of  crushing  and  alteration.  Feldspar  is  the  predominant  min- 
eral, both  twinned  and  untwinned  with  quartz,  mica  and  a  little 


Fig.  9. 


Fig.  10. 


Altered  Granite  or  Protogene,  Seine 
Eiver.     Q,  qviartz  ;  F,  feldspar  ; 
G-M,  ground-mass  (talc,  etc.). 


Felsitic  Schist  from  Garnier's 
Island.     P,  pyrite. 


hornblende  and  pyrite.  Where  alteration  is  most  apparent  the 
feldspar  has  been  changed  into  mica,  and  commences  to  show  a 
schistose  structure.     The  rock  may  be  a  granite  (or  the  "  grani- 
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tite  "  of  G.  Rose)  which  has  been  squeezed  by  a  greenstone 
upheaval  alongside. 

The  adjacent  greenstone  mass,  which  is  much  decomposed 
near  the  surface,  is  made  up  for  the  most  part  of  secondary 
hornblende  (uralite)  and  feldspar  (twinned  and  untwinned),  with 
calcite,  pyrite  and  magnetite  as  accessories.  At  greater  depth 
it  may  become  evident  that  the  mass  is  a  diabase  dike. 

6.  An  altered  granite  or  protogene  (Fig.  9),  consisting  of 
masses  of  quartz,  feldspar  (chiefly  orthoclase)  and  a  greenish 
ground-mass  of  talcose  and  chloritic  composition,  is  representa- 
tive of  the  areas  of  altered  granite  which  are  found  to  carry  a 
great  number  of  veins  in  the  Seine  River  district. 

7.  A  felsitic  schist  from  Garnier's  Island,  Lake  of  the  Woods 
(Fig.  10),  consists  of  fine-grained  feldspar  for  the  most  part, 
some  pyrite  crystals  and  a  very  little  mica.  This  schist  changes 
into  a  massive  felsite  dike,  consisting  of  massive  fine-grained 
feldspar,  a  good  deal  of  pyrite  in  little  masses  scattered  through 
it,  and  a  very  little  mica. 


The  Microstructure  of  Steel  and  the  Current  Theories  of 

Hardening. 

BY  ALBERT  SAUVEUR,  CHICAGO,  ILL. 

(Colorado  Meeting.  September,  1896.) 

Introduction. 

To  understand  this  paper  properly,  the  reader  must  have  a 
clear  conception  of  what  is  meant  by  the  "  critical  points  "  of 
iron  and  steel;*  and  in  order  to  avoid  the  necessity  of  tedious 
references  to  previous  publications  on  the  part  of  those  un- 
familiar with  the  subject,  it  is  here  briefly  recapitulated. 

Critical  Points. — If  a  piece  of  steel  containing,  say,  0.50  per 
cent,  or  more  of  carbon,  be  heated  to  a  high  temperature  and 
then  allowed  to  cool  slowly,  the  cooling  proceeds  at  first  at  a 
uniformly  retarded  rate  until  a  temperature  of  about  700°  C. 
is  reached,  when  there  is  a  sudden  "  retardation  "  in  the  fall  of 


*  See  II.  M.  Howe's  "  Heat  Treatment  of  Steel,"  Trans.,  xxiii.,  466. 
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the  temperature,  indicating  an  evolution  of  heat,  often  so  con- 
siderable as  to  cause  a  momentary  stop  in  the  cooling,  or  even 
an  actual  rise  of  the  sensible  temperature, — a  "  reealescence  " 
of  the  cooling  metal.  After  this  retardation  the  fall  of  tem- 
perature resumes  its  normal  rate,  which  is  continued  until 
atmospheric  temperature  is  reached.  This  retardation  during 
the  cooling,  which  indicates  that  some  important  change,  evolv- 
ing heat,  is  taking  place  within  the  metal,  is  called  a  "  critical 
point."  Mr.  Osmond,  who  was  the  first  to  determine  accurately, 
by  means  of  the  excellent  pyrometer  of  Mr.  Le  Chatelier,  the 
position  and  magnitude  of  the  critical  points,  adopted  ChernofF's 
notation,  and  designates  the  critical  points  by  the  letter  A. 

In  heating,  as  would  be  expected,  there  is  a  reverse  phe- 
nomenon, an  absorption  of  heat  causing  a  retardation  in  the 
rise  of  temperature.  To  distinguish  the  critical  point  which 
occurs  in  coolino;  from  that  which  occurs  in  heating,  the  former 
is  called  Ar  the  latter  Ac.  The  two  retardations,  however,  do 
not  take  place  at  the  same  temperature,  the  critical  point  Ac 
beino^  situated  some  30°  higher  than  Ar. 

Mr.  Howe  has  shown  conclusively  that,  in  order  to  induce 
the  retardation  A?',  or  rather  the  change  which  such  retardation 
implies,  the  steel  must  be  first  heated  past  the  point  Ac  ;  and 
reciprocally,  the  change  which  occurs  at  Ac  cannot  take  place 
unless  the  steel  has  first  been  cooled  to  a  point  below  Ar. 
Clearly,  therefore,  the  retardations  Ar  and  Ac,  although  not 
taking  place  at  exactly  the  same  temperature,  are  simply  the 
opposite  phases  of  the  same  phenomenon.  The  change  at  Ar 
is  the  reversal  of  that  at  Ac. 

Howe  and  Osmond  have  shown  that  by  hastening  the  cooling 
the  critical  point  Ar  is  proportionally  lowered  until,  when  the 
cooling  is  sufficiently  rapid,  as  in  quenching,  there  is  no  retar- 
dation ;  the  change  Ar  does  not  take  place.  Hence  certain 
conditions  which  existed  above  Ar  are  retained  by  quenching; 
and  to  this  retention  the  various  theories  attribute  the  hardness 
of  quenched  steel.  It  is  only  in  regard  to  the  nature  of  what  is 
thus  preserved  by  sudden  cooling  that  they  dift'er.  The  heat  of 
the  retardation  Ar  remains  latent  in  hardened  steel,  and  can  be 
made  apparent,  according  to  Mr.  Osmond,  by  dissolving  the 
metal  in  double  chloride  of  ammonium  and  cop})er,  when  it 
evolves  more  heat  than  unhardcucd  steel.      This  latent  heat  is 
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also  liberated  during  tempering  and  produces  an  acceleration  in 
the  rate  of  heating.*  It  is  reasonable  to  suppose  that  if  we 
could  heat  our  metal  as  suddenly  as  we  can  cool  it,  it  would  be 
possible  to  raise  its  temperature  past  the  point  Ac-,  witliout  in- 
ducing the  Ac  change,  i.e.,  the  change  which  on  subsocpient 
sudden  cooling  produces  hardness,  so  that  if  the  steel  were  then 
quenched  it  would  not  be  hardened. 

High-carbon  steels  and  those  of  medium  hardness  have  only 
one  critical  point.  Such  is  not  the  case,  however,  with  softer 
steels,  which  exhibit,  on  cooling  or  heating,  two  or  three  critical 
points.  To  distinguish  these,  they  are  called  respectively  Ar^, 
Ar2,  Ari,  and  similarly,  in  heating,  A^,,  Ac.^,  Ac,. 

It  has  been  argued  that  at  about  0.25  per  cent,  of  carbon  the 
two  upper  retardations  run  together,  so  that  Ar^  is  no  longer  a 
single  point,  but  in  reality  a  double  critical  point,  which  should 
be  called  Ar,  2-  Similarly,  above  0.50  per  cent,  of  carbon,  in- 
stead of  a  single  critical  point,  we  have  a  triple  point  Arg  2,1- 
This  notation  implies  that  the  three  changes  which  occur  sepa- 
rately in  soft  steel  take  place  simultaneously  in  high-carbon 
steel  at  Aj\  2. 1  '•  while  from  the  notation  Ar^  it  would  be  inferred 
that  we  have  here  only  one  change,  the  two  upper  transforma- 
tions of  mild  steel  being  absent.  It  is  generally  accepted  that 
the  single  evolution  of  heat  exhibited  by  the  cooling  of  high- 
carbon  steel  is  caused  by  three  distinct  changes  occurring 
simultaneously  ;  but  this  point  has  never  been  proved  satisfac- 
torily, and  the  notation  which  implies  it  is  here  adopted  for 
convenience,  and  with  this  understanding.  The  retardations, 
considered  collectively,  will  be  hereafter  called  the  critical  range, 
regardless  of  the  number  of  critical  points  contained. 

Fig.  1  shows  graphically  the  position  of  the  critical  points  in 
cooling  steels  of  various  carbons.  The  width  of  the  black  lines 
does  not  refer  to  the  intensity  of  the  retardations,  but  only  indi- 
cates the  range  of  temperature  which  they  cover.  For  instance, 
it  shows  that  the  single  retardation  of  high-carbon  steel  begins 
at  about  680°  C.  and  ends  at  about  640°  C.  The  maximum 
evolution  of  heat  lies  somewhere  between  these  limits,  but  not 
necessarily  in  the  middle. 

This  graphical  representation  was  obtained  by  plotting  the  re- 

*  "  On  the  Critical  Points  of  Iron  and  Steel,"  F.  Osmond.  Jour.  Iron  and  Steel 
Inst.,  No.  1,  1890,  p.  38. 
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suits  of  the  investigations  of  Osniond,  ITowc,  Robcrts-Austcn, 
Arnold  and  the  writer ;  and,  with  one  or  two  exceptions,  all 
their  figures  fall  very  nearly  within  the  limits  here  indicated. 

AYe  see  that  between  0.02  and  0.07  per  cent,  of  carbon,  steels 
have  only  the  two  upper  retardations,  Ar,  and  Ar^,  while  be- 
tween, say,  0.07  and  0.22  per  cent,  of  carbon,  we  find  three  dis- 
tinct critical  points,  Ar,,  Ar.^,  Ai\.  Again,  between  0.22  and 
about  0.43  per  cent,  of  carbon  there  are  two  retardations,  Ar._,^  2,^ 
and  Ar„  the  upper  one  being  absent.  Above  0.43  per  cent,  of 
carbon, 'as  already  stated,  there  is  only  one  critical  point,  Ar^. 

Like  the  single  retardation  of  hard  steel,  the  multiple  retarda- 
tions of  soft  steel  indicate  reversible  changes.  Ac,  and  Ac,  occur 
at  a  temperature  somewhat  higher  than  Ar^  and  Ar„  while  Ac^ 
and  A?'2,  on  the  contrary,  take  place  at  nearly  the  same  tempera- 
ture. Certain  impurities,  especially  manganese,  nickel,  chro- 
mium and  tungsten,  lower  the  critical  points  very  decidedly.' 
Manganese  and  nickel,  when  present  in  suflicient  quantity, 
apparently  eliminate  them  (probably  by  lowering  them  below 
the  atmospheric  temperature).  It  is  also  probable,  roughly 
speaking,  that  the  purer  the  steel,  the  longer  will  the  three  criti- 
cal points  remain  separated,  as  the  percentage  of  carbon  in- 
creases. 

The  meaning  attributed  to  the  retardations  will  be  discussed 
subsequently.  It  is  only  necessary  for  the  present  to  bear  in 
mind  what  'is  meant  by  "  critical  points."  They  are  those  re- 
tardations which  occur  during  the  heating  and  cooling  of  a 
piece  of  steel,  and  which  indicate  that  some  important  changes, 
absorbing  or  evolving  heat,  are  in  progress ;  which  changes,  as 
will  be  seen,  greatly  atfect  the  chemical,  physical  and  mechani- 
cal properties  of  the  metal. 
-  Purpose  of  this  Paper.— In  the  present  paper  it  is  proposed, 
first,  to  describe  at  some  length  the  changes  of  microstructure 
which  occur,  during  slow  cooling,  in  steels  containing  various 
amounts  of  carbon,  and  secondly,  to  examine  what  bearing,  if 
any,  such  structural  changes  as  occur  at  the  critical  points,  have 
upon  the  current  theories  of  hardening. 

The  paper  has  accordingly  been  divided  into  two  parts :  I. 
The  Microstructure  of  Steel,  and  II.  The  Current  Theories  of 
Hardening. 
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I. — The  Microstructure  of  Steel. 

Development  of  the  Microstructure  of  Polished  Sections. — It  will 
not  be  out  of  place  here  to  say  a  few  words  with  regard  to  the 
development  necessary  to  bring  out  the  microstructure  of  pol- 
ished sections  of  iron  and  steel,  as  this  is  a  point  of  vital  im- 
portance in  the  microscopy  of  iron. 

If  a  polished  surface  of  steel  be  examined  through  the  micro- 
scope, unless  it  contains  constituents  of  very  dift'erent  hardness, 
it  will  reveal  little  or  nothing  of  the  structure.  If  examined  by 
oblique  reflected  light,  the  bright  surface,  acting  like  a  mirror, 
will  reflect  the  totality  of  the  light  outside  the  objective  and 
the  specimen  will  appear  uniformly  dark.  If  direct  reflected 
light  be  used,  all  the  rays  will  be  reflected  back  into  the  ob- 
jective, and  the  object  will  appear  equally  bright  all  over  the 
field. 

It  is  therefore  necessary  to  difi:erentiate  the  various  constitu- 
ents in  such  a  way  as  to  make  them  distinguishable  under  the 
microscope.  This  may  well  be  called  a  development  of  the 
structure.  It  is  usually  accomplished  by  means  of  some  chemi- 
cal action,  an  etching-process,  which  colors  differently  some  of 
the  constituents,  while  others  are  left  unaltered  and  brilliant. 

A  defective  etching  is  most  unsatisfactory ;  it  distorts  the 
true  structure  of  the  object,  giving  it  an  appearance  very  liable 
to  lead  to  erroneous  deductions.  A  properly  conducted  de- 
velopment, on  the  contrary,  seldom  fails  to  bring  out  the  struc- 
ture clear  and  brilliant,  and  is  then  always  a  delightful  and 
convincing  revelation  of  the  great  possibilities  of  the  micro- 
scope in  the  domain  of  the  physics  of  steel.  The  writer  soon 
learned  to  discard,  on  account  of  its  unreliableness  and  many 
other  objections,  the  etching  with  very  dilute  acid,  which  has 
been  so  universally  used,  and  to  adopt  the  follo\\ang  method  : 

The  polished  sample,  suitably  held,  is  dipped  into  concen- 
trated nitric  acid  (1.42  sp.  gr.)  which,  on  account  of  the  pass- 
ivity of  iron,  has  little  or  no  action  on  the  polished  surface. 
The  specimen  is  then  placed  under  an  abundant  stream  of 
running  water,  and  the  acid  is  quickly  and  completely  washed 
off".  As  soon  as  the  layer  of  concentrated  acid  which  covers 
the  surface  is  diluted  by  the  running  water,  it  attacks  the 
steel,  at  first  vigorously,  Init  for  such   a  very  short  time  (since 
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the  water  soon  removes  all  trace  of  acid)  that  there  is  no 
danger  of  etching  too  deeply.  Such  treatment  develops  the 
structure  sharply  and  clearly,  the  etching  being  of  uniform  in- 
tensity all  over  the  surface,  and  free  from  the  objectionable 
colored  film  and  from  the  unlike  appearance  of  diiferent  parts 
of  the  field,  caused  by  local  actions  of  var^'ihg  intensity,  which 
are  so  troublesome  and  misleading  in  etchings  with  dilute 
acid.  It  is  sometimes  necessar}'  to  repeat  the  treatment,  in 
order  to  develop  the  structure  to  the  proper  depth ;  l)ut  more 
than  two  immersions  are  seldom  required.  The  specimen  is 
then  washed  in  alcohol  and  quickly  dried  with  a  soft  cloth,  or, 
better  still,  under  a  blast-jet,  if  such  is  at  hand. 

Until  the  recent  publication  of  Mr.  Osmond's  remarkable 
paper  on  "  Microscopic  Metallography,*  this  had  been  the 
process  exclusively  used  by  the  writer.  In  that  paper,  Mr. 
Osmond  describes  a  method  of  etching  with  tincture  of  iodine, 
which  gives  excellent  results.  The  modus  operandi  is  as  follows  : 
Upon  the  polished  surface  pour  a  drop  or  two  (Mr.  Osmond 
recommends  one  drop  per  square  centimeter)  of  ordinary  tinc- 
ture of  iodine,  and  let  the  solution  act  until  it  is  discolored. 
Wash  in  alcohol  and  dry  quickly  with  a  soft  cloth  or  under  a 
blast-jet.  The  writer  prefers  to  use  a  solution  diluted  with 
alcohol,  one  volume  of  tincture  to  one  of  alcohol.  Two  or 
more  applications  may  sometimes  be  required  before  the  speci- 
men is  sutiiciently  etched.  Both  methods  are  good ;  and  it  is 
difficult  to  say  when  one  should  be  used  in  preference  to  the 
other.  It  is  probable  that  to  bring  out  the  finest  details  of  the 
structure,  such  as  the  delicate  laminae  of  pearlyte,  the  treat- 
ment with  iodine  is  preferable ;  while  for  the  examinations 
with  low  power  the  nitric  acid  method  is  more  eft'ective.  But 
even  this  rule  will  not  always  hold  true. 

There  is  another  method  of  finishing  the  preparation,  of 
which  a  few  words  should  be  said.  It  may  be  called  "  polish- 
ing in  relief,"  and  consists  in  finishing  the  polishing  upon  a 
yielding  support,  so  that  the  various  constituents  will  be  worn 
unecj[ually,  the  hardest  stiinding  in  relief.  When  the  compo- 
nents difi:er  much  in  hardness,  the  microscope  will  reveal  the 


*  Methode  generale  pour  V  Anahjae  Micro(jraphique  des  Aciers  au  Carbone. — Socicte 
d' Encouragement  pour  I' Industrie  Nationale.     Paris,  Mai,  1895. 
VOL.  XXVI.— 56 
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structure  without  further  treatment.  This  method  affords  a 
good  means  of  judging  the  relative  hardness  of  some  constitu- 
ents. A  good  support  for  such  pohshing  consists  of  a  block  of 
soft  wood,  upon  which  is  stretched  a  piece  of  parchment,  thor- 
oughly soaked  with  water  and  covered  with  a  very  little  of  the 
finest  jewellers'  rouge. 

Mlcroscojnc  Constituents  of  Steel. — Let  us  first  examine  the 
general  nature  and  properties  of  the  various  microscopic  con- 
stituents of  steel ;  and  later  we  will  discuss  their  mode  of  occur- 
rence in  steel  containing  various  amounts  of  carbon,  and 
quenched  at  different  temperatures. 

All  carbon-steels,  whether  quenched  or  slowly  cooled,  are 
made  up  of  one  or  more  of  four  primary  constituents,  which 
have  been  called  respectively :  ferrite,  cementite,  j^earh/te,  and 
marteiisite.  The  three  first  names  were  proposed  by  Mr.  Howe, 
the  last  by  Mr.  Osmond.  Prof.  Arnold  has  recently  sounded  a 
cry  of  warning  against  the  danger  of  giving  ill-fitted  names  to 
these  constituents,  or  the  same  name  to  difterent  constituents. 
The  writer  fully  appreciates  the  importance  of  well-chosen 
names,  and  the  confusion  which  must  result  from  the  use  of 
synonyms  and  of  homonyms ;  and  this  is  precisely  why  he  does 
not  understand  the  reluctance  or  hesitation  of  Prof.  Arnold  and 
a  few  other  steel  microscopists  in  adopting  Mr.  Howe's  names 
of  ferrite,  cementite  and  pearlyte  for  the  components  of  un- 
hardened  steel.  Nobody  will  question  the  propriety  of  giving 
mineralogical  names  to  the  microscopic  constituents  of  metals, 
considering  the  analogy  which  exists  between  petrography  and 
metallography ;  and  it  is  doubtful  whether  better  names  than 
these  could  be  found,  so  acceptable  alike  to  English,  French 
and  German  scientists ;  for,  in  each  language,  these  terms  are 
in  some  measure  suggestive  of  the  nature  or  the  appearance  of 
the  constituents.  There  would  be  very  little  danger  of  confus- 
ing the  student,  if  the  metallographists  who  still  hold  aloof 
would  gracefully  adopt  this  nomenclature,  which,  besides  its 
other  claims,  has  also  the  right  of  priority ;  for  while  Dr.  Sorby 
was  the  first  to  study  and  describe  the  constituents  of  steel,  Mr. 
Howe  was  the  first  to  christen  them. 

Ferrite. — This  is  iron  free  from  carbon.  Whether  it  is  free 
also  from  the  other  impurities  usually  present  in  steel  has  never 
been  conclusively  shown.     Indeed,  it  is  quite  probable  that  the 
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grains  of  ferrite  are  sometimes  impregnated  with  impurities. 
Ferrite  presents  three  principal  modes  of  occurrence. 

1.  When  present  in  considerable  quantity,  as  in  soft  steel 
slowly  cooled  or  quenched  below  the  critical  range,  it  segre- 
gates in  relatively  large  masses,  and  crystallizes  in  polyhedric 
grains,  which  are  interfering  crystals  of  the  isometric  system, 
mostly  cubes  and  octohedra  (see  Plate  I.,  Figs.  2,  3,  4,  and 
I'late  III.,  Fig.  4).  In  the  drawings  the  ferrite  is  left  white,  the 
black  net-work  .showing  the  outlines  of  the  grains. 

2.  In  steel  of  medium  hardness,  which  has  been  slowly 
cooled  from  a  high  temperature,  the  ferrite,  present  only  in 
small  quantity,  forms  a  membrane  of  varying  thickness  envel- 
oping the  grains  of  pearlyte.  A  section  cut  at  any  angle  will 
therefore  exhibit  a  net-work  structure,  the  pearlyte  forming 
the  meshes  (see  Plate  III.,  Fig.  6).  If  such  steel,  however,  be 
forged  until  a  relatively  low  temperature  is  reached,  or  if  it  be 
reheated  to  a  low  temperature  (a  little  above  the  critical  range), 
the  pearlyte  and  ferrite  are  more  thoroughly  mixed  in  a  some- 
what confused  manner,  presenting  an  amorphous  appearance. 

3.  Ferrite  forms  a  structural  element  of  pearlyte,  which,  as 
will  be  seen  presently,  is  made  up  of  an  intimate  mixture  of 
ferrite  and  cementite.  To  distinguish  it  from  this  variety,  the 
ferrite,  which  in  the  structure  exists  by  itself  in  segregated 
masses,  will  here  be  called  structurally  free,  or  segregated  fer- 
rite. 

Structurally  free  ferrite  forms,  of  course,  the  totality  of  car- 
bonless iron.  As  the  carbon-content  increases,  the  free  fer- 
rite diminishes,  until  at  about  0.80  per  cent,  of  carbon  it  en- 
tirely disappears,  the  steel  being  then  wholly  made  up  of 
pearlyte  (see  Fig.  4  and  Plate  I.,  Fig.  12). 

The  etching  of  the  polished  sections  with  iodine  or  nitric 
acid  leaves  the  ferrite  white  and  brilliant,  and  develops  the 
joints  between  the  grains  (see  Plate  III.,  Fig.  4).  On  etching 
more  deeply,  however,  some  of  the  grains  are  slightly  colored 
or  take  a  mottled  appearance,  while  others  remain  Ijright.  Fer- 
rite being  the  softest  of  all  the  constituents  in  the  field,  it  is 
more  easily  and  quickly  worn  away  by  polishing,  so  that  under 
the  microscope  all  the  other  constituents  stand  in  relief  with 
regard  to  it ;  this  constitutes  an  additional  means  of  identify- 
in  2:  it. 
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Cemcntite. — This  is  iron  combined  with  cement-carbon,  i.e., 
carbon  as  it  exists  in  nnhardened  steel.  It  is  a  carbide,  answer- 
ing to  the  formnla  FcgC.  As  early  as  1885,  Abel  and  Miiller, 
working  independently,  ascertained  the  presence  in  nnhardened 
steel  of  such  a  carbide ;  and  the  more  recent  researches  of 
Arnold  and  Read*  have  fully  confirmed  their  conclusions,  so 
that  there  is  now  hardly  any  possible  doubt  concerning  the 
chemical  composition  of  cementite.  In  steel  containing  much 
manganese,  however,  it  is  very  probable  that  this  constituent 
is  a  double  carbide  of  iron  and  manganese. 

Like  ferrite,  cementite  occurs  : 

1.  In  segregated  masses  in  very  hard  steel,  but  it  always  re- 
mains structureless  (see  Plate  III.,  Fig.  5).  The  white  con- 
stituent standing  in  relief  is  cementite,  the  dark  is  pearlyte. 
In  the  drawings  of  Plate  I.  the  cementite  is  shown  in  black,  to 
distinguish  it  from  the  ferrite,  which  is  left  white. 

2.  As  a  very  thin  membrane,  around  the  grains  of  pearlyte, 
when  present  in  small  quantities  and  under  certain  conditions 
(see  Plate  I.,  Fig.  14). 

3.  As  a  structural  element  of  pearlyte. 

Cementite  remains  bright  and  brilliant,  even  after  repeated 
etchings  of  iodine  or  nitric  acid.  It  has  a  more  metallic  luster 
than  ferrite ;  and,  to  an  experienced  eye,  this  appearance  alone 
will  suflice  to  identify  it.  "While  ferrite  is  the  softest,  cementite 
is  the  hardest  of.  the  constituents,  so  that  it  stands  in  relief  re- 
latively to  the  others,  especially  if  the  polishing  is  finished  on 
a  soft,  yielding  support.  Moreover,  free  ferrite  has  a  granular 
structure,  while  cementite  is  always  structureless.  Again,  ce- 
mentite cannot  be  scratched  by  a  needle,  while  the  soft  ferrite 
is  easily  marked  in  this  way.  Structurally  free  cementite  is  not 
found  in  soft  or  medium-hard  steel.  It  begins  to  appear  in 
steel  containing  about  0.90  per  cent,  of  carbon,  and  then  in- 
creases in  quantity  proportionally  to  the  carbon-content.  In 
steel  of  2  per  cent,  carbon  it  forms  about  23  per  cent,  of  the 
mass  (see  Fig.  4  and  Plate  I.,  Fig.  16).  Structurally  free  fer- 
rite and  structurally  free  cementite  never  exist  together  in  the 
same  steel.     The  former  is  the  associate  of  pearlyte  in  soft  and 

••■■  "The  Chemical  Relations  of  Carbon  and  Iron,"  F.  O.  Arnold  and  A.  A. 
Read,  Jour.  Chem.  Soc,  Ixv.,  788,  August,  1894. 
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mediuni-liard  steel,  the  latter  the  associate  of  pcarlite  in  highly 
carhurettocl  steel  (see  Fig  4). 

Pcarlyte. — As  already  stated,  pearlyte  is  not,  strictly  speak- 
ing, an  elementary  constituent  of  steel ;  but  it  is,  nevertheless, 
a  very  distinct  one,  and  sliould  be  treated  as  such  rather  than 
as  a  mere  mixture  of  ferrite  and  cementite. 

A  magnitication  of  at  least  300  diameters  is  required  to  re- 
solve satistactorily  the  structure  of  pearlyte.  We  find  then, 
as  first  pointed  out  by  Mr.  Osmond,  that  it  is  necessary  to  dis- 
tinguish between  lamellar  and  granular  pearlyte.  The  lamellar 
variety  is  best  found  in  steel  very  slowly  cooled  from  a  high 
temperature,  and  especially  in  annealed  steel.  The  longer  the 
annealing,  the  more  pronounced  the  character  of  the  structure. 
It  is  called  lamellar,  because  it  is  made  up  of  very  thin  plates 
or  lamella?,  alternately  of  ferrite  and  cementite.  This  structure 
gives  rise,  under  the  microscope,  to  a  beautiful  play  of  color, 
strongly  suggestive  of  mother-of-pearl.  Dr.  Sorby,  who  first 
discovered  it,  called  it  the  pearly  constituent,  and  Mr.  Howe 
pearlyte. 

The  presence  of  well-defined  lamellar  pearlyte  is  certain 
proof  that  the  steel  has  been  annealed  or  cooled  slowly  and 
undisturbedly  from  a  high  temperature.  The  granular  variety 
is  found  in  steels  that  have  been  forged  down  to  a  comparatively 
low  temperature,  or  which  have  been  reheated  to  a  low  tem- 
perature. As  the  name  indicates,  it  is  somewhat  granular 
in  appearance,  consisting  of  a  mixture  of  small  irregular  grains 
of  cementite  and  ferrite.  Pearlyte  is  always  present  in  unhard- 
ened  steel ;  at  first  in  a  very  small  quantity,  but  increasing 
rapidly  with  the  carbon-content.  When  the  steel  contains 
about  0.80  per  cent,  of  carbon,  the  whole  mass  consists  of 
pearlyte.  With  further  increase  of  carbon  the  amount  of 
pearlyte  diminishes,  being  gradually  replaced  by  structurally 
free  cementite  (see  Fig.  4). 

Pearlyte  is  colored  dark  both  l)y  iodine  and  by  nitric  acid. 
It  always  forms  the  dark  constituent  of  unhardened  steel. 

As  just  pointed  out,  in  steel  with  about  0.80  per  cent,  of 
carbon,  pearlyte  is  the  sole  constituent.  I'rof  Arnold  very 
properly  calls  this  point  "the  saturation  point "  of  steel;  and 
he  finds  that  in  steel  containing  very  little  impurity  besides 
carbon,  about  0.90  per  cent,   of  carbon  is  required  for  satu- 
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ration,  i.e.,  that  not  nntil  tlien  does  all  the  structurally  free 
ferrite  disappear.  With  commercial  steels,  however,  such  as 
those  used  in  connection  with  the  present  investigation,  con- 
taining from  0.40  to  1.00  per  cent,  of  manganese,  and  from 
0.75  to  1.25  per  cent,  of  total  impurities,  the  saturation-point  is 
very  near  0.80  per  cent,  of  carhon. 

It  is  quite  certain  that  the  purer  the  steel  the  more  carbon  is 
required  to  saturate  it.  This,  no  doubt,  is  partly  due  to  the 
fact  that  an  impure  steel  contains  less  iron  to  be  saturated,  and 
also  to  the  presence  of  considerable  manganese,  which,  forming 
a  double  carbide,  helps  to  saturate,  further  reducing  thereby 
the  necessary  amount  of  carbon.  The  pearlyte  of  commercial 
steel  therefore  contains  about  0.80  per  cent,  of  carbon,  or  about 
12  per  cent,  of  cementite  (FcsC),  and  88  of  ferrite;  roughly, 
1  part  of  cementite  to  7  parts  of  ferrite. 

The  structure  of  unhardened  steel  is  explained  as  follows : 
The  carbon  present  in  the  steel  unites  with  a  portion  of  the  iron 
to  form  Fe3C  or  cementite.  The  ferrite  and  cementite  then 
unite  structurally  in  definite  proportions  to  form  pearlyte,  leav- 
ing, as  the  case  may  be,  an  excess  either  of  ferrite  or  of  cemen- 
tite, the  former  in  soft  steel,  the  latter  in  highl}"  carburetted 
steel,  as  shown  in  Fig.  4.  Knowing  the  compositions  of  cemen- 
tite and  pearlyte,  the  theoretical  microstructural  composition 
of  any  carbon-steel  can  easily  be  calculated.  If,  for  instance, 
the  steel  contains  0.50  per  cent,  of  carl)on,  we  know  that  this 
amount  of  carbon  will  unite  with  a  portion  of  the  iron  to  form 
cementite,  or  Ye.^C  (6.67  C  +  93.33  Fe)  in  the  following  pro- 
portion : 

C.      FeaC.        C. 
6.67: 100  =  0.50  :jr, 

yielding  therefore  7.50  per  cent,  cementite.  This  cementite 
unites  structurally  with  an  additional  amount  of  iron,  forming 
pearlyte  (12  FcjC  +  88  Fe),  as  follows : 

Te-sC.    Pearl.       FcsC 
12  :    100  =  7.50  :  x, 

or  62.50  per  cent,  of  pearlyte.  The  balance  of  the  steel,  or 
37.50  per  cent.,  is  made  up  of  structurally  free  ferrite.  If  the 
steel  contains  more  than  0.80  per  cent,  (say  1.20,  for  instance) 
of  carbon,  we  have  an  excess  of  cementite.     The  composition 
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can  then  be  determined  as  follows :  1.20  per  cent,  of  carbon 
yields  18  per  cent,  of  cementite.  This  leaves  82  per  cent,  of 
free  iron,  which  will  unite  with  part  of  the  cementite  to  form 
pearlyte,  as  follows : 

Fe.    Fe.iC     Fe. 
88  :  12  =  82  :  x, 

or  11.18  per  cent,  of  cementite,  leaving  therefore  6.82  per  cent, 
of  structurally  free  cementite.  Hence  the  structure  of  such 
steel  is  nuide  up  of  93.18  per  cent,  of  pearlyte  and  (3.82  i)er 
cent,  of  structurally  free  cementite. 

These  figures  would  probably  be  absolutely  correct,  if  the 
steel  contained  nothing  but  iron  and  carbon.  The  impurities 
always  present  in  commercial  steel,  however,  will  necessarily 
alter  them — which  renders  these  calculations  only  a])proximate. 
In  the  following  table,  the  microstructural  compositicni  of  un- 
hardened  steel,  containing  various  amounts  of  carbon,  has  been 
calculated  in  this  way,  the  decimals  being  omitted. 

Table    I. —  Theoretical   Microstructural    Composition   of   Unhard- 
ened  Carbon-Steels. 


Microstructural  Composition. 

Per  Cent. 

Cakbon. 
Per  Cent. 

Pearlyte. 

Ferrite. 

Cementite. 

0. 

0 

100 

0 

0.10 

12 

88 

0 

0.20 

25 

75 

0 

0.30 

37 

63 

0 

O.-IO 

50 

50 

0 

0.=>0 

62 

38 

0 

0.60 

75 

25 

0 

0.70 

87 

13 

0 

0.80 

100 

0 

0 

0.90 

98 

0 

2 

1.0) 

97 

0 

3 

1.10 

95 

0 

5 

1 .20 

93 

0 

7 

1.80 

91 

0 

9 

1.^0 

90 

0 

10 

1.50 

8S 

0 

12 

1.60 

86 

0 

14 

1.70 

85 

0 

15 

1.80 

83 

0 

17 

1.9) 

81 

0 

19 

2.00 

80 

0 

20 

2.1(» 

78 

0 

22 

2.20 

76 

0 

24 

2.80 

74 

0 

26 

2.40 

73 

0 

27 

2.50 

71 

0 

29 
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Ifariensite. — Martciisite  is  that  constituent  which  exists  at  a 
high  temperature,  and  being  retained  by  sudden  cooling  confers 
hardness  upon  quenched  steel.  While  we  know  with  reason- 
able certainty  the  composition  of  ferrite,  cementite  and  pearlyte, 
we  know  very  little  about  the  true  nature  of  martensite.  In- 
deed, if  we  could  discover  its  composition,  the  hardening  of 
steel  would  no  longer  be  an  unsolved  problem.  Each  theory 
which  has  been  advanced  to  explain  the  hardening  of  steel  has 
attributed  to  martensite  the  composition  demanded  by  that 
theory.  Of  its  real  composition,  however,  we  have  no  direct 
evidence. 

Martensite  contains  iron  and  carbon,  but  not  in  definite  pro- 
portions like  pearlyte  ;  the  amount  of  carbon  it  contains  varying 
from  0.12  per  cent,  in  very  soft  steel,  quenched  above  the  criti- 
cal range,  to  0.90  per  cent,  in  hard  steel.  It  forms  about  75 
per  cent,  of  very  mild  steel  quenched  (the  balance  being  fer- 
rite); while  it  constitutes  the  whole  bulk  of  hardened  steel 
containing  from  0.25  to  0.80  per  cent,  of  carbon.  In  more 
highly  carburetted  steel  some  structurally  free  cementite  is 
found  besides  the  martensite  (see  Fig.  4  and  Plate  I.).  As 
might  be  expected,  therefore,  the  hardness  of  martensite  varies 
greatly.  In  its  most  dilute  form  (when  it  contains  the  greatest 
proportion  of  iron)  it  is  relatively  soft,  while  when  highly  car- 
buretted, it  becomes  intensely  hard,  although  never  as  hard  as 
cementite. 

The  composition  of  martensite  will  be  discussed  at  greater 
length  a  little  farther  on. 

Martensite  is  colored  both  by  iodine  and  by  nitric  acid;  but 
the  intensity  of  its  coloration  varies  with  the  degree  of  carburi- 
zation.  When  much  diluted,  as  in  very  soft  steel  quenched 
above  the  critical  range  (Plate  I.,  Fig.  1),  it  assumes  a  light 
yellowish  tint,  which  increases  in  depth  with  the  increase  of 
carbon.  Highly  carburetted  martensite  {i.e.,  the  martensite  of 
high-carbon  steel)  is  colored  much  darker  by  the  etching — as 
dark  and  even  darker  than  pearlyte  under  similar  treatment. 
Dilute  martensite  is  easily  distinguished  from  pearlyte  by  its 
light  yellow  color.  With  the  more  carburetted  or  concentrated 
variety,  the  color  alone  is  no  longer  a  sure  guide,  and  we  must 
then  differentiate  them  by  their  structure.  If  the  pearlyte  is 
lamellar,  no  confusion  is  possible,  for  its  peculiar  structure  will 
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readily  identify  it.  With  granular  pearlyte  the  diftercntiatiou 
is  more  diffieult,  and  the  structure  must  then  be  closely  ex- 
amined. Martensite,  as  Mr.  Osmond  has  remarked,  often  })re- 
sents  groups  of  parallel  needles,  or  rectilinear  fibers,  which 
cross  each  other  frequently. 

It  should  be  remembered  that  very  high  power  is  necessary 
to  resolve  the  structure  of  martensite,  and  even  then  the  details 
are  so  minute  and  often  so  confused  that  what  is  revealed 
teaches  us  little  with  regard  to  its  nature.  The  writer  finds 
strong  indications,  however,  that  martensite,  like  pearlyte,  is 
made  up  of  two  components  difi'ering  in  hardness. 

To  sum  up,  all  unhardeued  steels  are  composed  of  pearlyte 
alone,  or  pearlyte  associated  either  with  ferrite  or  cementite. 
All  hardened  steels  are  composed  of  martensite  alone,  or  mar- 
tensite associated  with  ferrite  or  cementite.  This  is  shown 
graphieallj'  in  Fig.  2. 

Fig.  2 


UNHARDENED       STEEL 

lliilllliilllllilllllillil 


1  ^--i>"-  I 


HARDENED      STEEL 


Mr.  Osmond,  in  his  paper  already  referred  to,  describes  two 
additional  constituents,  which  he  calls,  respectively,  sorbite  and 
troostite.  They  have  not  been  considered  here,  because  the 
writer  has  not  been  able  to  identify  them  satisfactorily,  and  also 
because  they  are,  at  best,  "  transition-forms,"  as  ISIr.  Osmond 
calls  them,  having  but  a  short  existence  in  the  structural 
changes  induced  in  steel  by  heat-treatment.  Even  were  their 
existence  proved  beyond  a  doubt,  it  would  not  in  any  way  affect 
our  deductions  based  on  microscopical  investigations.  Mr.  Os- 
mond finds  that  on  etching  with  iodine  a  high-carbon  steel 
reheated  to  a  little  above  the  critical  range,  part  of  the  pearlyte 
is  either  entirely  colored,  or  only  as  to  some  of  its  lamelhu,  and 
as  both  ferrite  and  cementite  should  remain  bright  after  such  a 
treatment,  he  infers  that  we  are  here  in  the  presence  of  a  new 
constituent,  sorbite,  and  that  the  pearlyte  of  such  steel  is  made 
up  of  pearlyte  and  sorbite,  or  cementite  and  sorbite,  or  even  of 
two  sorbites  differently  colored.  He  supposes  that  it  contains 
some  hardening  carbon,  and  tliat  it  represents  a  zone  of  transition 
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between  the  ferrite  and  cementite  in  unhardened  steel,  and  be- 
tween cementite  and  martensite  in  quenched  steel. 

The  constituent  troostite  Mr.  Osmond  tinds  in  steel  quenched 
during  the  critical  points,  between  the  martensite  and  the  fer- 
rite. It  is  a  "  transition-form  "  between  ferrite  and  martensite. 
]!^othing  is  said  regarding  its  chemical  composition. 

Microstriicture  of  Steel  Quenched  Above,  Daring  and  Belov)  the 
Critical  Range. — In  studying  the  microstructure  of  quenched 
steel,  the  writer  has  had  more  especially  in  view  to  ascertain 
whether  there  were  any  perceptible  changes  corresponding  to 
the  critical  points,  and,  if  any,  to  determine  their  nature.  The 
simplest  way  of  accomplishing  this  purpose  seemed  to  be  to 
heat  considerably  above  the  critical  range  a  number  of  steel 
bars  containing  different  amounts  of  carbon,  and  to  quench 
them,  after  slow  cooling,  at  various  temperatures  above,  be- 
tween and  below  the  critical  points.  In  this  way  we  retain  in 
the  cold  metal  the  structural  arrangement  which  prevailed  at 
the  quenching-temperature,  and  w^e  are  thus  enabled  to  judge 
of  the  changes  of  structure  occurring  in  steel  during  slow 
cooling,  and  to  ascertain  what  relations  they  bear  to  the  critical 
points. 

Six  samples  of  steel  were  accordingly  selected,  containing 
respectively  0.09,  0.21,  0.35,  0.80,  1.20  and  2.50  per  cent,  of 
carbon.  The  first  three  samples  were  kindly  furnished  by  Mr. 
Howe,  who  had  accurately  determined  the  position  of  their 
critical  points;  the  last  three  samples  were  treated  by  the 
writer.  They  were  all  commercial  steels,  containing  from  0.40 
to  0.90  per  cent,  of  manganese,  and  from  0.60  to  1.00  per  cent, 
of  total  impurities  (carbon  not  included). 

Several  bars  of  each  series  were  heated  well  past  the  critical 
range  and  allowed  to  cool  partially  before  quenching,  one  bar 
being  quenched  above  A?'3,  another  between  Ar^  and  Ar.^,  the 
next  between  Ar^  and  Ar,,  and  the  last  below  A)-j  (see 
Fig.  1). 

The  structures  of  these  various  samples  were  drawn  from 
the  microscope,  being  uniformly  magnified  250  diameters  and 
arranged  comprehensively  in  Plate  I.  In  steels  which  do  not 
possess  the  upper  retardation  Ar.^,  no  change  of  structure  takes 
place  above  Ar.^,  and  in  steels  which  have  only  the  lower  retar- 
dation Ar^  there  is  only  one  change  of  structure.    Tliis  explains 
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the  arrano-cment  of  the  drawings.  The  areas  occupied  by  the 
various  constituents  were  measured  with  the  phmimeter,  and 
their  percentages  are  tabuhited  in  Table  II. 

Plammeter  Measurements. — A  short  description  of  the  manner 
in  which  these  measurements  are  conducted  may  be  of  niterost 
to  those  engaged  in  similar  investigations.  The  results  shown 
in  Table  II.  were  obtained  from  areas  at  least  twice  as  large  as 

Table  IL—Microstruciural  Comjwsition  of  Some  Quenched 
Carbon-Steels. 


steel 
No. 

Car- 
bon. 
Per 
Cent. 

Quenched  Above 

AJ-3. 

Per  Cent,  in  Vol.* 

Q\ienched  Be- 
tween Ar^and  Ai-2. 
Per  Cent,  in  Vol. 

Quenched  Be- 
tween Ar.,  and  Ac,. 
Per  Cent,  in  Vol. 

Quenched  Below 

Arj  or  Slowly 

Cooled. 

Per  Cent,  in  Vol. 

Mart. 

Fer. 
23 

Cem. 

Mart. 

Fer. 

Cem. 

Mart. 

Fer.  iCem. 

Pearl 
10 

23 
50 

100 
92 

77 

Fer. 

Cem. 

1 

2 
3 

4 
5 
6 

0.09 

0.21 
0.35 

O.fO 
1.20 
2.50 

77 

0 

27 

73 

0 

11 

31 
56 

89 

69 
44 

0 

0 
0 

90 

77 
50 

0 
0 
0 

0 

0 
0 

0 

8 
23 

Quenched  Above  Aro. 
Per  Cent,  in  Volume. 

Martensite. 

Ferrite. 

Cementite. 

100 
100 

0 
0 

0 
0 

Quenched  Above  An.    Per  Cent,  in  Volume. 

Martensite. 

Ferrite. 

Cementite. 

100 
9-1 
80 

0 
0 
0 

0 

6 

20 

those  reproduced  in  Plate  I.  As  an  illustration,  let  us  take  the 
bar  containing  0.09  per  cent,  carbon  and^pienched  between 
Ar3  and  A?-^.  The  actual  field  measured  is  shown  in  Fig.  3. 
For  the  sake  of  simplicity,  the  joints  of  the  grains  of  ferrite 
are  not  shown  in  the  drawing. 

It  is  proposed  to  ascertain  the  total  area  occupied  by  the 
martensite.     If  we  were  to  measure  each  little   area  indepen- 

*  If  a  body  containing  a  great  many  particles  is  cut  by  a  plane,  a  certain  num- 
ber of  tbe  particles  will  be  intersected,  and  the  ratio  of  the  sum  of  these  small 
aeas  to  the  total  area  of  the  section  is  practically  equal  to  the  ratio  of  the  vol- 
ume of  the  small  particles  to  the  total  volume  of  the  body.  Mathematically, 
however,  the  two  ratios  are  equal  only  if  the  number  of  particles  is  infinite  and 
the  uniformity  of  distribution  perfect. 
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dentlv,  the  work  would  be  very  long  and  tedious ;  and,  besides, 
the  great  number  of  readings  and  adjustments  of  the  plani- 
meter  required  would  introduce  a  serious  source  of  error.  To 
simplify  the  operation  and  greatly  reduce  the  possible  error, 
all  the  small  areas  are  united  in  a  continuous  chain,  as  shown 


1 


Fig.  3. 


Section  of  0. 09  =  Carbon-Steel,  quenched  between  Ar^  and  Xi\. 


by  the  dotted  lines,  in  such  a  way  that  starting  from  the  point 
A,  and  passing  from  one  grain  to  the  other,  we  finally  reach 
the  point  E,  thus  coming  in  contact  with  all  the  small  areas  in 
our  travel.  We  then  proceed  as  follows :  The  planimeter  set 
at  zero  is  placed  at  A,  and  we  start,  moving  it  in  the  direction 
indicated  by  the  arrow,  as  if  to  measure  the  small  area  ;  when 
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we  reach  the  point  B,  however,  we  pass  over  to  the  next  grain, 
following  along  the  dotted  line  BC;  from  the  point  C  we  pass 
to  D,  following  the  outline  of  that  grain ;  from  T>  to  the  next 
area ;  and  so  on  until  we  reach  the  point  E  on  the  last  small 
area,  We  then  follow  the  whole  outline  of  this  grain,  which 
brings  us  back  to  E,  and  from  E  we  proceed  on  our  return  trip, 
again  passing  from  one  grain  to  the  next  in  the  reverse  order, 
but  this  time  going  over  that  portion  of  the  outline  of  each 
grain  which  we  had  previously  not  travelled  over.  I^  is  evi- 
dent that  by  proceeding  in  this  way  we  have  followed  with  the 
planimeter  the  complete  outline  of  each  grain  of  martensite. 
The  error  introduced  by  going  over  the  dotted  lines  in  one 
direction  is  exactly  neutralized  by  going  over  them  in  the  oppo- 
site direction  on  our  return-journey,  and  the  reading  of  the 
planimeter  gives  the  total  area  of  the  martensite.  This  method 
is  quick,  requiring  but  one  adjustment  of  the  planimeter  and 
one  reading ;  it  is  accurate,  there  being  no  trouble  in  checking 
the  results. 

The  structural  compositions  of  the  various  samples  were  as- 
certained in  this  way,  and  the  results  shown  in  Table  II.  were 
plotted  in  Fig.  4,  which  gives  a  graphical  representation  of  the 
microstructural  composition  of  any  carbon-steel  quenched  either 
above,  between  or  below  the  critical  points,  as  well  as  when 
slowly  cooled,  and  will  assist  us  in  understanding  the  nature  and 
magnitude  of  the  structural  changes  which  occur  at  those  points. 

As  already  mentioned  the  amount  of  impurities  (besides  car- 
bon) have  some  influence  upon  the  relative  proportions  of  the 
microscopic  constituents.  In  very  pure  steel,  for  instance,  the 
saturation-point  is  near  0.90  per  cent. ;  so  that  we  cannot  from 
Fig.  4  infer  the  composition  of  any  carbon-steel  with  absolute 
accuracy ;  but  it  gives  approximate  results,  quite  satisfactory  in 
the  case  of  commercial  steel. 

The  writer  has  repeatedly  checked  by  planimeter-measure- 
ment  the  carbon  per  cent,  found  by  chemical  analysis,  on  the 
assumption  that  pearlyte  contains  0,80  per  cent,  of  carbon.  To 
obtain  comparative  results,  however,  the  steel  should  always  be 
heated  to  the  same  temperature  (preferably  just  above  the  criti- 
cal range)  previous  to  the  microscopical  examination,  as  it  has 
been  found  that  heating  to  different  temperatures  somewhat 
alters  the  volumes  occupied  by  the  pearlyte. 
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From  the  drawings  of  Plate  I.  and  the  figures  of  Table  II., 
we  see  that  each  critical  point  is  accompanied  by  a  marked  struc- 
tural change.  It  will  be  shown  subsequently  that  the  changes 
of  structure  correspond  exactly  with  the  retardations,  beginning 
and  ending  with  them. 

Let  us  now  examine  separately  the  structural  changes  which 
occur  in  each  series  of  steel  here  investigated. 

Steel  No.  1 — Carbon  0.09  Per  Cent. — The  structural  changes 
which  occur  in  steel  at  the  critical  points  are  so  considerable, 
even  in  the  case  of  a  soft  steel  containing  only  0.09  per  cent,  of 
carbon,  that  they  have  been  further  illustrated  in  Plate  III., 
Figs.  1,  2,  3  and  4.  These  photo-micrographs,  magnified  250 
diameters,  show  the  structure  of  the  soft  steel  quenched  respect- 
ively above  A>^3,  between  Ar.^  and  Ar2,  between  Ar,  and  Arj, 
and  below  Arj. 

When  quenched  above  Ar^  the  steel  consists  of  77  per  cent, 
of  martensite  and  23  of  ferrite.  This  martensite  of  course  con- 
tains a  very  small  proportion  of  carbon.  It  takes  a  light  yellow 
color  when  etched  with  iodine  or  nitric  acid,  and  is  not  very 
hard,  being  easily  scratched  by  a  needle.  Between  Ar^  and 
Ar^  the  structure  consists  of  27  per  cent,  of  martensite  dis- 
tributed as  irregular  grains  throughout  a  matrix  of  structurally 
free  ferrite.  During  the  retardation  at  A?'3,  therefore,  some  50 
per  cent,  of  the  martensite  has  been  replaced  by  ferrite.  The 
martensite  of  this  sample  is  much  harder  than  that  of  the  pre- 
ceding one,  and  is  colored  quite  dark  by  etching.  It  is  very 
hard,  standing  prominently  in  relief,  when  the  polishing  is  fin- 
ished upon  a  yielding  support,  and  cannot  be  marked  by  a 
needle.  The  grains  of  the  ferrite,  which  are  well  shown  in  the 
drawing  (Plate  L,  Fig.  2),  are  very  faint  in  the  photo-micro- 
graph (Plate  III.,  Fig.  2),  owing  to  the  diificulty  of  sharply 
focussing  their  fine  junction-lines.  Between  A?-2  and  Ar,  the 
amount  of  martensite  has  been  reduced  still  farther,  occupying 
now  only  11  per  cent,  of  the  total  mass.  During  the  retarda- 
tion Ar^  some  15  per  cent,  of  the  ferrite,  which  above  that  point 
was  enclosed  in  the  martensite,  has  separated,  bringing  the 
amount  of  structurally  free  ferrite  up  to  89  per  cent.  The  grains 
of  the  ferrite  are  shown  imperfectly  in  the  photo-micrograph, 
Plate  III.,  Fig.  3.  When  quenched  below  ArjWe  find  that  the 
structure  is   made  up  of  10  per  cent,  of  pearlyte  and  90  of 
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structurally  free  ferrite.     Durini>-  the  critical  point  A;\,  the  11 
per  cent,  of  martensite   existing  above  that  point  disappears, 
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yielding  10  per  cent,  of  pearlyte  and  1  additional  per  cent,  of 
ferrite.     This  is  also  the  structural  composition  of  the  same 


884  THE    MICROSTRUCTURE    OF    STEEL. 

steel  when  slowly  cooled,  and  shows  that  quenching  below  the 
critical  range  changes  neither  the  nature  nor  the  relative 
amounts  of  the  constituents.  This  is  true  for  all  steels.  In 
the  drawings  (Plate  I.)  the  pearlyte  is  shaded  differently  from 
the  martensite.  In  the  photo-micrograph  (Plate  III.,  Fig.  4) 
the  pearlyte  does  not  differ  much  from  the  appearance  of  mar- 
tensite. We  have  seen  how  these  two  constituents,  however, 
may  be  distinguished  under  the  microscope.  The  grains  of  fer- 
rite  are  well  shown  in  the  photograph  (Plate  III.,  Fig  4). 

Steel  No.  2 — Carbon^  0.21  Per  Cent. — In  this  steel  the  upper 
critical  point  Arj  is  missing;  and,  when  quenched  before  the  re- 
tardation Afg  has  set  in,  it  is  made  up  wholly  of  martensite  (Plate 
I.,  Fig.  5).  This  martensite  is,  of  course,  not  highly  carburetted, 
and  is  only  lightly  colored  by  the  etching.  Between  Ar^  and 
Arj  the  structure  is  made  up  of  31  per  cent,  of  martensite  in 
irregular  grains,  distributed  throughout  a  matrix  of  structurally 
free  ferrite  (Plate  I.,  Fig.  6).  We  infer  from  this  structure 
that  during  the  retardation  A:i\  some  70  per  cent,  of  ferrite  pre- 
viously locked  in  the  martensite  has  been  set  free.  The  grains 
of  the  ferrite  are  not  shown  in  this  drawing ;  they  are  in  all  re- 
spects similar  to  those  outlined  in  Figs.  2,  3  and  4  of  the  same 
plate.  Below  Ar^  we  find  that  the  mass  is  made  up  of  23  per 
cent,  of  pearlyte  and  77  of  ferrite  (Plate  I.,  Fig,  7),  which  shows 
that  during  the  retardation  Ai\  the  31  per  cent,  of  martensite 
existing  above  that  point  has  been  changed  into  23  per  cent,  of 
pearlyte,  setting  free  8  per  cent,  more  of  ferrite. 

Steel  No.  3 — Carbon,  0.34  Per  Cent. — This  steel,  like  the  pre- 
ceding one,  has  only  two  critical  points,  and,  when  quenched 
above  A7'„  contains  only  martensite  (Plate  I.,  Fig.  8),  but  a 
martensite  somewhat  more  carburetted,  therefore  harder  and 
more  darkly  colored.  During  the  first  retardation,  Arg,  44  per 
cent,  of  ferrite  is  set  free,  reducing  the  percentage  of  martensite 
to  56  (Plate  I.,  Fig.  9).  Here  the  martensite  no  longer  occurs 
in  separate  grains  throughout  the  soft  iron  matrix,  but  forms  an 
intricate  continuous  mass.  Below  Ar^  the  steel  is  made  u})  of 
equal  masses  of  pearlyte  and  ferrite  (Plate  I.,  Fig.  10).  The 
character  of  the  structure  remains  the  same  as  if  the  martensite 
had  merely  been  transformed  in  situ  into  pearlyte,  yielding  also 
a  small  amount  (6  per  cent.)  more  of  free  ferrite. 

Steel  No.  4 — Carbon,  0.80  Per  Cent. — Here  we  have  reached 
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the  saturation-point.  The  wliole  muss  of  the  steel  when  slowly 
cooled  or  quenched  below  Ar,  is  made  up  of  pearlyte  (Plate  I., 
Fig.  12).  It  has  only  one  critical  point,  above  which  it  is 
wholly  composed  of  martensite  (Plate  I.,  Fig.  11).  This  mar- 
tensite,  which  contains  much  carbon,  is  colored  very  dark  and  is 
extremely  hard. 

Steel  No.  5 — Carbon,  1.20  Per  Cent. — When  quenched  above 
its  single  critical  point,  this  steel  contains,  besides  a  matrix  of 
martensite,  about  6  per  cent,  of  structurally  free  cementite,  dis- 
seminated, worm-like,  through  the  mass  (Plate  I.,  Fig.  13). 
Below  Aj'j  the  martensite  has  disappeared,  having  been  replaced 
by  pearlyte,  which  forms  the  meshes  of  a  net-work  of  cementite, 
the  latter  constituent  occupying  about  8  per  cent,  of  the  total 
volume  (Plate  I.,  Fig.  14). 

Steel  No.  6— Carbon,  2.50  Per  Cent.— The  structure  of  this 
highly-carburetted  steel  above  the  critical  point  is  composed  of 
80  per  cent,  of  martensite  and  20  of  structurally  free  cementite 
(Plate  I.,  Fig.  15).  At  Ar,  the  martensite  is  changed  into  77 
per  cent,  of  pearlyte,  bringing  the  amount  of  free  cementite  up 
to  23  per  cent.  (Plate  I.,  Fig.  16).  The  structure  of  this  steel 
in  its  unhardened  state  is  also  shown  in  Plate  III.,  Fig.  5,  under 
a  lower  magnification.  In  the  photographs  the  cementite  is 
white. 

In  order  to  show  how  closely  the  structural  changes  just  de- 
scribed correspond  with  the  retardation,  Plate  II.,  already  pub- 
lished in  the  Journal  of  the  Iron  and  Steel  Institute,'^  has  been 
reproduced  here.  In  this  investigation,  21  bars  of  steel  ISTo.  2 
were  heated  to  970°  C,  then  slowly  cooled  to  a  series  of  points 
near  and  within  the  critical  range,  from  which  they  were  sud- 
denly cooled.  In  this  manner  some  of  the  bars  were  quenched 
during  the  retardations  themselves,  thus  revealing  the  progress  of 
the  corresponding  structural  changes.  The  microstructural 
composition  of  the  various  bars,  together  with  their  quenching- 
temperature,  are  shown  in  Table  III. 

These  percentages  are  plotted  in  Fig.  5,  which  shows  graphi- 
cally the  ptrogress  of  the  structural  changes  as  the  cooling- 
temperature  falls  past  the  critical  points. 


*  "Further  Notes  on  the  Hardening  of  Steel,'  Henry  M.  Howe  and  Albert 
Sauveur,  Jour.  Iron  and  Steel  Imt.,  18S)H,  No.  1,  p.  170. 
VOL.  XXVI. — 57 
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This  graphical  statement,  as  well  as  the  figures  of  Talkie  III. 
and  the  drawings  of  Plate  II.,  show  that  structural  changes 
occur  only  daring  the  retardations  and  that  they  begin  and  end 
loith    them.      The  five  bars    quenched  above  Ar^  all  have  the 


Table  III, — 3Iicrostruetiiral  Comjyosition  of  Steel  Containing  0.21 
Per  Cent,  of  Carbon  and  Quenched  Above,  During  and  Below 
the  Critical  Range. 


quenching- 

Temperature. 
Degrees  O. 


Positions  of  Quenching- 
Temperature. 


Above  A?-^. 


Beginning  of  Kr^ 
Middle  of  A?-, 


microstructural  compositions. 
Per  Cent. 


Martensite. 


Between  A?-2  and  Kr-^. 


flOO. 

100. 

100. 

KiO. 

100. 
97.20 
86.00 
70.20 
35.20 
30.80 
32.00 
31.50 


End  of  A.)\. 


I  I 

Beginning  of  A/'i 30.00 

7  4.00 
I  2.00 
f  0.0 
0.0 
0.0 
0.0 
0.0 
0.0 


Below  A)'i. 


0.0 

0.0 

0.0 

0.0 

0.0 

2.80 

14.00 

29.80 

64.80 

69.20 

68.00 

6S.50 

68.40 

78.50 

75.80 

78.90 

76.80 

77.00 

77.40 

75.20 

76.40 


Pearlyte, 


0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

1.60 

17.50 

22.20 

21.10 

23.20 

23.00 

22.60 

24.80 

23.60 


same  microstructure  (Plate  II.,  Fig.  1),  made  up  entirely  of 
martensite.  As  soon  as  the  retardation  Ar.^  begins,  however, 
some  ferrite  is  set  free  (Plate  II.,  Fig.  2),  increasing  rapidly  in 
amount  as  the  cooling  proceeds  and  the  retardation  becomes 
more  marked.  In  the  middle  of  Ar^  we  find  about  30  per  cent, 
of  structurally  free  ferrite  (Plate  II.,  Fig.  4).  Between  A?'2  and 
Arj  the  metal  contains  some  70  per  cent,  of  ferrite  and  30  of  mar- 
tensite. The  structure  then  remains  unaltered  until  the  second 
critical  point  is  reached.  The  four  samples  quenched  between 
Ar.^  and  Ar,  have  a  similar  structure.  This  is  well  shown  in 
Fig.  5.  "With  the  beginning  of  Ar,  we  find  another  structural 
change  taking  place,  i.e.,  the  martensite  begins  to  be  replaced 
by  ferrite  ;  and  the  transformation,  like  the  preceding  one,  con- 
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tinues  as  long  as  the  retardation  lasts.  At  the  very  beginning 
of  Ai\  we  find  only  l.GO  per  cent,  of  pearlyte  (Plate  II.,  Fig. 
2).  At  the  end  of  that  retardation  the  steel  contains  22  per 
cent,  of  ferrite,  only  2  per  cent,  of  martensite  remaining  un- 
changed (Plate  XL,  Figs.  7  and  8).  Below  Ar,  there  is  no 
more  martensite ;  the  steel  is  made  up  of  some  22  per  cent,  of 
pearl}i:e  and  77  of  ferrite.  The  seven  bars  quenched  below 
Ai\  show  that  no  more  change  of  structure  takes  place  on 
farther  cooling.  The  microstructural  composition  retained  in 
steel  b}'  sudden  cooling  below  the  critical  range  does  not  differ 
from  that  of  the  slowly  cooled  metal. 

Resume. — Each  critical  point  is  accomjyanied  hy  a  structural 
change  which  begins  and  ends  with  it.  In  the  ranges  of  tem- 
perature where  there  is  no  critical  point,  ice  find  no  change  in  the 
microstructural  composition.  Judging  from  the  microscopical 
evidences,  the  changes  which  occur  at  the  upper  retardations, 
Ar^  and  Ar^,  are  merely  structural,  and  consist  in  the  liberation 
of  a  certain  amount  of  ferrite,  which  above  those  critical  points 
was  included  in  the  martensite.  The  change  which  occurs  at 
the  lower  point,  A?\  or  Arg  g,  i  (in  steels  which  have  only  one 
retardation)  and  which  consists  in  the  disappearance  of  marten- 
site and  the  appearance  of  pearlyte,  if  it  results,  as  is  supposed, 
in  the  formation  of  Fe3C,  would  indicate  a  chemical  change. 

Above  Ar.^  (see  Fig.  4)  0.12  parts  carbon  can  unite  with  as 
much  as  99.88  parts  Fe  (supposing,  for  simplicity,  that  the  steel 
contains  nothing  but  iron  and  carbon),  or  roughly,  1  part  of  car- 
bon to  800  of  iron.  The  martensite  cannot  absorb  more  ferrite ; 
and  if  the  steel  contains  less  than  0.12  per  cent,  of  carbon,  which 
means  a  corresponding  larger  amount  of  iron,  there  is  an  excess 
of  iron  which  remains  unabsorbed  as  structurally  free  ferrite. 
Between  Arg  and  Ar^  we  find  0.25  carbon  with  99.75  of  iron, 
or  in  the  proportion  of  1  part  of  carbon  to  400  parts  of  iron. 
In  this  range  of  temperature  the  martensite  cannot  assimilate 
more  ferrite.  The  excess,  if  any,  remains  structurally  free. 
Between  Ar^  and  Ar^  we  find  the  amount  of  ferrite  which  can 
unite  with  carbon  to  form  martensite  is  further  lowered, 
being  0.50  carbon  to  99.50  iron,  or  1  part  of  carbon  to  about 
200  of  iron.  If  more  ferrite  is  present  it  remains  unabsorbed. 
Here  we  have  what  might  be  called  the  saturation-point  of 
carbon  for  iron  ;  and  we  see  that  on  heating,  each  retardation 
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raises  the  saturation-point,  causing  a  new  structural  arrange- 
ment. Fig.  4  illustrates  also  the  fact  that  martensite  never 
contains  more  than  0.90  per  cent,  of  carbon,  or  1  part  of  carbon 
to  110  parts  of  iron.  If  the  steel  is  more  highly  carburetted, 
there  is  an  excess  of  carbon,  which  remains  unabsorbed  as 
structurally  free  cementite.  This  may  be  called  the  saturation- 
point  of  iron  for  carbon.  Martensite  contains,  therefore,  all  the 
way  from  0.12  to  0.90  per  cent,  of  carbon,  according  to  the 
degree  of  carburization  of  the  steel  and  the  temperature  at 
which  it  has  been  quenched. 

The  structural  changes  just  studied  may  be  explained  as 
follows  :  If  a  piece  of  carbon-steel  be  heated  beyond  the  critical 
point  A(?j,  the  iron  and  carbon  which  compose  it  combine,  dur- 
ing this  retardation,  to  form  martensite,  1  part  of  carbon  uniting 
with  as  much  as  200  parts  of  iron  (0.50  C;  99.50  Fe).  If  the 
steel  contains  more  than  0.50  per  cent,  of  carbon,  therefore,  the 
whole  of  the  iron  will  be  absorbed;  and  on  further  heating  no 
other  structural  change  takes  place,  nor  do  we  find  any  other 
critical  point.  As  martensite  never  contains  more  than  0.90  per 
cent,  of  carbon,  we  find,  if  more  carbon  is  present,  some  struc- 
turally free  cementite  in  the  steel.  If,  on  the  other  hand,  the 
steel  contains  less  than  0.50  per  cent,  of  carbon,  some  iron  still 
remains  unabsorbed  above  Ac,,  as  structurally  free  ferrite  ;  and 
on  further  heating,  we  meet  a  second  retardation,  Ae^,  during 
which  the  saturation-point  of  carbon  for  iron  is  raised  to  1  part 
of  carbon  to  400  parts  of  iron  (0.25  C ;  99.75  Fe).  During  this 
retardation  a  certain  additional  amount  of  ferrite  is  absorbed 
by  the  martensite,  and  a  new  condition  of  structural  equilibrium 
is  established.  If  the  steel  contains  more  than  0.25  per  cent, 
of  carbon,  the  whole  of  the  free  ferrite  will  consequently  dis- 
appear during  Ac^,  and  further  heating  will  reveal  no  more 
critical  points  or  structural  changes.  Between  0.25  and  0.50 
per  cent,  of  carbon  the  steels  have  only  two  critical  points. 
Below  0.25  per  cent,  of  carbon  some  ferrite  still  remains  un- 
absorbed above  Ac^.  Mild  steels  have  a  third  retardation,  Acg, 
which  raises  the  saturation-point  of  carbon  to  1  part  carbon  to 
800  parts  of  iron  (0.12  C;  99.88  Fe),  so  that  the  whole  or  a 
portion  of  the  remaining  ferrite  is  again  assimilated  by  the 
martensite.  If  more  than  0.12  per  cent,  of  carbon  is  present, 
the  whole  of  the  ferrite  disappears;   if  less  than  0.12  is  present, 
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some  ferrite  will  remain  miabsorbed  on  further  heating.  The 
reverse  phenomena  occur  during  slow  cooling  at  Ar^,  Ar.^, 
and  Ai\.  The  ferrite  which  was  absorbed  at  Ac.^  and  Ac,  is 
again  set  free  at  Ar-g  and  Ar.^,  while  at  Ai\  the  martensite  is 
again  replaced  by  pearlyte. 

11. — The  Current  Theories  of  Hardening. 

Assisted  by  the  microscopical  evidences  presented  in  the  first 
part  of  this  paper,  the  writer  proposes  to  review  critically  the 
various  theories  which  have  been  advanced  to  explain  the 
hardening  of  steel. 

Mr.  Howe  very  clearly  suras  up  the  two  main  theories  in  the 
following  words  :* 

"  Botli  these  theories  are  of  the  status  quo  kind,  i.e.,  each  holds  that  the  svidden 
cooling  acts  by  preserving  a  spec'al  condition  which  exists  at  a  red  heat,  but  is 
unstable  at  lower  temperatures,  and  does  this  by  denying  the  time  which  is  re- 
quired for  the  change  from  that  condition  to  the  normal  condition  stable  at  the 
common  temperature,  and  such  as  we  find  in  annealed  steel.  At  and  above  a  cer- 
tain critical  range, the  a,  of  Osmond, carbon  passes  spontane- 
ously from  the  normal  condiion  called  "cement-carbon,"  to  a  special  tondition 
called  "  hardening-carbon,"  which  below  that  range  is  unstable,  tending  to  pass 
back  to  the  cement-state,  and  actually  so  pissing  bick  dming  slow  cooling.  It 
may,  however,  be  preserved  by  sudden  cooling,  and  hence  is  found  in  hardened 

steel While  the  carbon-theory  regards  ihis  known  preservation  of  carbon 

in  the  hardening  state  as  the  direct  cause  of  hardening,  the  allotropic  theory 
holds  that  its  action  is  indirect;  that  above  the  critical  ran^e  the  iron  passes  spon- 
taneously to  a  special  strong,  hard,  brittle,  allotropic  state  called  ^-iron,  which, 
like  hardening  carbon,  is  unstable  below  that  lange,  but  which,  still  like  ha  den- 
ing  carbon,  passes  back  relatively  slowly  from  the  (S  to  the  «  state,  so  that  the  ^ 
state  may  be  preserved  by  sudden  cooling." 

Mr.  Howe  himself  has  tried  to  reconcile  these  two  opposite 
theories  by  attributing  the  hardening  of  steel  to  the  existence 
at  a  high  temperature,  and  the  retention  by  sudden  cooling,  of 
a  carbide  of  an  allotropic  form  of  iron ;  and  he  calls  his  theory 
the  "  carbo-allotropic  "  theory. 

Prof  Arnold,  in  a  remarkable  paperf  recently  read  before 
the  British  Institution  of  Civil  Engineers,  attributes  the  harden- 
ing of  steel,  not  to  the   carbon  as  such,  but  to  the  existence 

*  "The  Hardening  of  h'teel,"  II.  M.  Howe,  Jour.  Iron  and  Steel  Inst.,  1895, 
No.  2,  p.  L'58. 

f  "The  Influence  of  Carbon  on  Iron,"  J.  O.  Arnold.  Proc.  Inst.  Civil  Eng.,  vol. 
exxiii.,  London,  1896,  p.  127. 
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above  the  critical  range  of  a  very  attenuated  and  very  hard 
carbide  of  iron.     This  will  be  here  called  the  subcarhide  theory. 

Each  theory  accounts  in  its  own  way  for  the  critical  points, 
and  attributes  to  the  carbon  and  iron  above,  between  and  below 
the  retardations  such  conditions  as  are  in  accordance  with  its 
claims.  These  facts,  as  well  as  the  microscopical  evidences,  are 
summarized  in  Table  IV. 

As  we  have  already  stated,  martensite  is  the  constituent 
which  confers  hardness  upon  suddenly  cooled  steel.  If  we 
knew  its  composition,  the  mist  which  now  surrounds  the  phe- 
nomenon of  hardening  would  be  cleared  away.  Unfortunately, 
the  details  of  its  structure  are  so  minute  and  so  diflicult  to  re- 
solve that,  even  when  most  highly  magnified,  it  gives  little  in- 
dication of  its  chemical  composition  or  even  structural  charac- 
ter. From  its  mode  of  occurrence,  however,  as  already  de- 
scribed, we  are  able  to  infer  certain  of  its  characteristics  which 
have  an  important  bearing  upon  the  theories  just  outlined. 

As  it  has  been  so  plainly  shown,  martensite  contains  all  the 
way  from  0.12  to  0.90  per  cent,  of  carbon,  according  to  the 
grade  of  the  steel  and  the  temperature  from  which  the  same 
has  been  quenched.  We  immediately  conclude  that  martensite 
cannot  be  a  chemical  union  of  carbon  and  iron,  as  Prof.  Arnold 
would  have  it,  unless  it  were  argued  that  it  is  a  carbide  of  iron 
whose  formula  varies  with  the  amount  of  carbon  contained  in 
the  steel,  and  also  at  each  critical  point,  from  FCi^gC  to  Fcg^C, 
which  would  be  absurd.  The  writer  does  not  see  how  it  is 
possible  to  avoid  the  conclusion  that  the  carbon  of  the  marten- 
site is  diifused  or  dissolved  in  the  iron.  At  each  critical  point, 
on  heating,  the  power  of  diifusion  of  the  carbon  (or,  as  it  has 
been  called,  its  saturation-point  for  iron)  is  increased,  so  that  it 
diffuses  through  a  larger  mass  of  ferrite.  The  question  whether 
the  carbon  is  diffused  as  such  or  whether  it  first  combines 
chemically  at  a  high  temperature  with  a  definite  proportion  of 
iron,  forming  a  true  carbide,  which  then  diffuses  through  the 
iron,  remains,  however,  undecided. 

The  Carbon- Theor II. — This  theory,  which  for  so  many  years 
satisfied  the  steel  metallurgists,  is  somewhat  crude  and  incom- 
plete, attributing  in  a  vague  manner  the  hardening  of  steel  to 
the  existence  at  a  high  temperature  of  carbon  in  a  hard  state, 
and  to  its  retention  by  sudden  cooling.     The  theory  owes  its 
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existence  chiefly  to  the  fact  that  when  hardened  steels  are  dis- 
solved in  cold  dilute  acids,  nearly  all  the  carhon  escapes  in  the 
form  of  hydrocarbons,  while  nnhardened  steels,  when  similarly 
treated,  yield  nearly  the  whole  amount  of  their  carbon  as  a 
residue,  the  composition  of  which  corresponds  to  the  formula 
FGjC.  From  this  behavior  of  the  carbon,  it  was  reasonably  in- 
ferred that  in  hardened  steel  the  carbon  existed  in  a  different 
form  from  that  of  the  unhardcned  metal.  What  this  harden- 
ing-state  of  the  carbon  really  was,  has  never  been  satisfactorily 
shown.  If  the  theory  implies  that  it  is  to  the  carbon  as  such 
that  quenched  steel  owes  its  hardness,  is  it  not  difficult  to  under- 
stand how,  say  0.50  per  cent,  of  carbort,  be  it  as  hard  as  it  may, 
distributed  throughout  99.50  per  cent,  of  a  matrix  of  soft  iron, 
can  produce  the  glass-like  hardness  of  a  steel  of  this  composi- 
tion when  suddenly  cooled  above  the  critical  range  ? 

Prof.  Arnold's  eftbrt,  and  its  resulting  sub-carbide  theory, 
cannot  be  regarded  as  a  mere  modification  of  the  carbon- 
theory,  and  will  be  considered  separately. 

Allotropic  Theory. — In  this  theory,  so  ably  worked  out  by  Mr. 
Osmond  and  supported  by  Prof.  Roberts- Austen,  the  hardening 
of  steel  is  attributed  to  the  retention  in  the  suddenly-cooled 
metal  of  a  hard  allotropic  state  of  the  iron.  The  allotropists 
had,  however,  to  concede  at  the  outset  the  all-important  part 
which  carbon  takes  in  the  hardening  of  steel.  As  Mr.  Had- 
field  has  remarked,  take  away  the  carbon  and  the  hardness  dis- 
appears. No  carbonless  alloy  of  iron  has  ever  been  produced 
which  exhibited  anything  like  the  extreme  hardness  of  quenched 
high-carbon  steel,  or  which  was  susceptible  of  being  materially 
hardened  by  sudden  cooling.  To  reconcile  this  with  their 
theory,  the  allotropists  argue  that  the  carbon  assists  the  reten- 
tion of  iron  in  its  hard  allotropic  state,  in  this  way  accounting 
for  the  fact  that  the  degree  of  hardness  produced  by  sudden 
cooling  is  roughly  proportional  to  the  amount  of  carbon.  While 
such  reasoning  cannot  well  be  refuted,  it  lacks  cogency,  and  in 
some  way  predisposes  us  against  the  allotropic  theory. 

The  allotropists  say,  moreover,  that  below  Ar.^  (see  Table 
IV.)  the  iron  exists  in  the  a  state,  passing  to  the  hard  /?  variety 
on  heating  at  Acg.  How  then  do  they  explain  the  hardness  of 
steel  quenched  between  Ar^  and  Ar,,  seeing  that  the  metal  in 
this  range  of  temperature  contains  only  soft  a  iron  ?    The  hard- 
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ening-power  is  not  lost,  as  they  would  have  it,  as  soon  as  the 
steel  is  cooled  below  Ar^.  Mr.  Howe  has  shown  that  the  loss 
of  hardening-power,  instead  of  coinciding  with  the  upper  re- 
tardation, lags  even  behind  the  lower  point  A?'i.  There  is,  in- 
deed, very  little  doubt  that  it  is  during  the  retardation  at  Ac^ 
that  steel  acquires  most  of  its  hardening-power. 

According  to  Mr.  Osmond,  martensite  represents  "  the  crys- 
tallic  organization  (under  the  influence  of  carbon)  of  one  of 
the  allotropic  varieties  of  iron."  Above  Ai\  we  have  what 
might  be  called  y  martensite ;  between  A:i\  and  A'i\^  ,5  marten- 
site;  below  Ar,,  a  martensite.  This  last  variety,  since  it  con- 
tains only  a  iron,  should 'be  very  soft,  but,  as  a  matter  of  fact, 
it  is  very  hard,  harder  than  the  ,5  or  y  martensite.  The  differ- 
ence of  hardness  between  the  martensite  of  soft  steel  and  that 
of  more  highly  carburetted  metal  is  not  due,  according  to  the 
allotropists,  to  the  greater  amount  of  carbon  contained  in  the 
latter  variety,  but  to  the  greater  proportion  of  i^  or  ;-  iron,  which 
a  larger  amount  of  carbon  retains  in  the  martensite  when  sud- 
denly cooled.  All  martensite  contains  some  a  iron,  but  in  pro- 
portion decreasing  with  its  carbon-content. 

From  the  fact  that  the  structurally  free  ferrite  found  in  mild 
steel  when  quenched  is  very  soft,  we  infer  that  it  is  «  iron,  and 
therefore  that  the  hard  variety  {i  or  y  never  exists  structurally 
free  in  the  cold  metal,  being  present  only  in  the  marten- 
site. 

When  heated  to  a  high  temperature  (above  the  critical 
range),  steel  loses  its  power  of  being  attracted  by  a  magnet, 
from  which  it  is  argued  that  while  «  iron  is  magnetic,  /5  and  y 
irons  are  not  magnetic.  Suddenly-cooled  steels,  however,  are 
magnetic.  This,  the  allotropists  contend,  is  due  to  the  fact  that 
a  portion  of  the  non-magnetic  ,5  or  y  iron  passes  back  to  the 
magnetic  «  state,  however  rapid  the  cooling.  But  then,  since 
the  more  carbon  present  in  the  steel,  the  less  a  iron  should  be 
found  in  the  quenclied  metal,  high-carbon  steels  should  be 
considerably  less  magnetic  than  mild  steels,  while,  as  a  matter 
of  fact,  they  are  more  magnetic.  Again,  from  the  fact  that 
manganese  steel  (containing  some  12  per  cent,  of  manganese), 
when  slowly  cooled,  does  not  exhibit  any  critical  point,  and  is 
Itotli  liard  and  non-magnetic,  the  allotropists  conclude  that  man- 
ganese, when  present  in  considerable   quantity,   prevents  the 
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passage  of  iron  from  the  liard,  allotropic  variety  to  the  soft  a 
state.  Since  manganese  steel  is  non-magnetic,  it  cannot  contain 
any  a  iron,  and  shonld  therefore,  according  to  their  theory,  be 
harder  than  quenched  carbon  steel ;  but,  on  the  contrary,  it 
never  approaches  the  extreme  hardness  of  high-carbon  steel 
suddenly  cooled. 

It  is  claimed  that  the  ver}'  existence  of  the  critical  points  is 
a  proof  of  allotropy,  but  the  allotropists  themselves  admit  that 
the  lower  retardation  at  Ai\  is  due  to  a  chemical  change.  Here, 
then,  at  least,  is  an  evolution  of  heat  which  is  not  of  allotropic 
origin.  The  existence  of  the  critical  points,  therefore,  does  not 
prove  allotropy,  however  suggestive  of  such  a  change  it  may 
be.  It  seems  to  the  writer  that  the  two  strongest  arguments 
which  have  been  put  forward  in  favor  of  the  allotropic  theory 
have  been,  first,  the  appearance  and  disappearance  of  magnet- 
ism, which,  according  to  Mr.  Osmond  and  Prof.  Arnold,  cor- 
respond to  the  reversible  changes  at  Ar^  and  Acj;*  and,  second, 
the  fact  that  nearly  carbonless  iron  presents  marked  retarda- 
tions at  Arg  and  Ai\.  But  the  opponents  of  allotropy  have 
claimed  that  absolutely  pure  iron  will  not  present  these  two 
critical  points,  and  that  whenever  they  have  been  found  there 
was  at  least  a  fcAv  hundredths  of  1  per  cent,  of  carbon  present 
as  well  as  a  relatively  considerable  amount  of  other  impurities 
(especially  sulphur).  Prof.  Roberts- Austen,  however,  detected 
these  two  retardations  in  absolutely  carbonless  iron.f 

Prof.  ArnolcPs  Sab-Carbide  Theory. — This  theory,  presented 
with  a  profusion  of  evidence, |  microscopical,  chemical,  me- 
chanical and  physical,  all  skilfully  brought  to  the  desired  focus, 
has  been  implicitly  accepted  by  many  metallurgists,  who  con- 
cluded that  the  problem  of  the  hardening  of  steel  had  at  last 
been  solved.  In  the  introduction  of  his  paper,  Prof  Arnold 
ex]tresses  himself  as  follows  :  "  If  it  can  be  proved  that  at 
high  temperatures  the  carbon  still  remains  in  combination  with 

*  Mr.  H.  Tomlinson,  an  authority  on  such  matters,  finds  that  the  magnetic 
change  occurs  at  about  850°  C.  in  nearly  carbonless  iron,  at  about  750°  C.  in  mild 
steel,  and  650°  C.  in  hard  steel.  This  would  make  the  appearance  and  disappear- 
ance of  magnetism  correspond  witli  the  upper  retardation  in  all  steels,  i.e.,  Avith 
Ars  or  Ars,  2  or  Acs,  2, 1.     (See  Fig.  1 .) 

t  Proc.  Inst,  of  Mech.  Eag.,  London,  1895,  p.  24}. 

X  "The  Influence  of  Carbon  on  Iron,"  J.  O.  Arnold,  Proc.  Tm'.  Civil  Eng.,  vol. 
cxxiii.,  Part  I.,  1896,  p.  127. 
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the  iron,  the  foundation  of  the  /5  iron  theory  will  be  destroyed, 
and  its  superstructure  must  naturally  collapse."  The  allotrop- 
ists  would  probably  take  exception  to  this  conclusion ;  but  let 
us  see  how  Prof.  Arnold  proceeds  to  prove  the  existence  at  a 
high  temperature  of  an  iron-carbide  of  the  very  improbable 
formula  Fe24C.  He  argues  that  since  a  steel  containing  about 
0.90  per  cent,  of  carbon,  w^hen  slowly  cooled,  is  entirely  made 
up  of  pearlyte,  and  when  quenched  above  the  critical  range 
contains  nothing  but  martensite,  this  martensite  must  be  a  very 
attenuated  carbide  containing  0.90  per  cent,  of  carbon  and 
99.10  of  iron,  and  therefore  corresponding  to  the  formula 
Fe2^C  (w^hich  requires  0.884  per  cent.  C).  This  Prof.  Arnold 
says  is  the  only  possible  way  we  can  account  for  the  presence 
of  pearlyte  in  slowly  cooled  steel.  "  Unless,"  he  says,  "  a  sub- 
carbide  existed,  which,  before  the  critical  point  Ar,  was  reached, 
gathered  itself  into  masses  distinct  from  the  iron,  there  does 
not  appear  to  be  any  reasonable  explanation  why  the  Fe^C 
w^as  not  evenly  diftiised  through  the  iron  of  normal  unsaturated 
steel." 

The  writer  does  not  see  on  what  grounds  Prof.  Arnold,  w^ho 
concedes  to  his  sub-carbide  the  right  to  segregate  into  distinct 
masses  above  Ar^,  denies  the  same  privilege  to  the  diifused  car- 
bon of  the  allotropists.  It  is  furthermore  useless  to  point  out 
again  the  fact  already  conclusively  established  that  martensite 
cannot  be  a  true  chemical  union  of  carbon  and  iron.  Will 
Prof.  Arnold  contend  that  the  carbide  Fe^^C,  which  forms  the 
only  constituent  of  hardened  steel  containing  about  0.90  per 
cent,  of  carbon,  is,  in  softer  steel,  diffused  in  a  certain  amount 
of  iron,  the  softer  the  steel  the  greater  being  the  degree  of 
diti'usion  ?  It  is  the  only  possible  way  to  reconcile  his  theory 
with  the  microscopical  evidences.  To  further  establish  the  ex- 
istence of  his  sub-carbide.  Prof.  Arnold  reasons  about  as  fol- 
lows:  At  0.90  per  cent,  of  carbon,  which  he  calls  the  satura- 
tion-point of  the  steel,  the  quenched  metal  is  entirely  composed 
of  sub-carbide ;  below  0.90  it  contains  some  iron ;  above  this 
it  contains  some  free  FegC ;  therefore,  if  it  can  be  shown  that 
in  a  series  of  steels  containing  increasing  amounts  of  carbon, 
when  0.89  per  cent,  of  carbon  is  reached,  a  critical  point  occurs 
in  the  mechanical,  physical  and  chemical  behavior,  we  will 
have  additional  proof  of  the  existence  of  the  sub-carbide.    The 
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■writer  cannot  see  wliat  bearins:;  this  has  upon  the  existence  of 
a  suh-carbide.  Let  us  see  if,  upon  closer  scrutinv,  Prof.  Arn- 
old's conclusions  become  more  convincing.  He  says  :  "  If  the 
autlior's  (Prof.  Arnold's)  theory  be  true,  it  demands  the  some- 
what startling  theoretical  condition  that  the  maximum  heat  at 
A)\  should  be  evolved  from  iron  containing  0.884  per  cent,  of 
carbon;"  and  this  he  finds  to  be  actually  the  case.  Far  from 
being  startling,  however,  the  reason  for  this  is  quite  evident, 
and  is  a  natural  sequence  of  the  structure  of  the  steel.  It  has 
nothing  whatever  to  do  with  Prof.  Arnold's  theory.  If  we  refer 
to  his  drawings  or  to  Plate  I.  of  the  present  paper  (here  the 
saturation-point  occurs  at  0.80  C),  it  is  seen  that  when  the  steel 
is  saturated,  the  whole  mass  changes  its  structure  and  possibly 
its  chemical  composition  during  the  retardation  at  Arj,  while 
with  a  softer  or  harder  steel  only  a  portion  of  the  total  volume 
is  affected  in  this  way.  Is  it  not  evident,  therefore,  that  the 
saturated  steel  should  evolve  more  heat  than  the  lower  or 
higher  members  of  Prof  Arnold's  series?  At  about  0.90  per 
cent.  C  (0.80  in  commercial  steel)  we  have  a  critical  structural 
point;  and  it  is  quite  natural  to  expect  correlative  critical  points 
in  the  physical  and  mechanical  behavior  of  the  metal.  This 
fact,  upon  which  Prof.  Arnold  lays  so  much  stress,  does  not 
point,  even  remotel}^  toward  the  existence  of  his  sub-carbide. 

Prof.  Arnold  uses  the  notation  Ar,,  Ai\  and  Ar.^  to  designate 
the  retardations,  whether  they  occur  in  heating  or  in  cooling; 
and  on  this  account  it  is  not  clear  whether  he  claims  that  his 
sub-carbide  forms  during  heating  at  Ac^  or  during  cooling  at 
Ai\.  Prof.  Arnold  says  :  "  Molten  masses  of  hard  steel  consist 
of  a  mixture  of  the  normal  carbide  Fe,C  with  the  sub-carbide." 
From  this  we  would  naturally  infer  that  since  the  sub-carbide 
exists  in  the  molten  metal,  it  must  be  formed  at  Ae,^  (on  heat- 
ing), dissociating  at  Ai\  (during  cooling).  On  another  page, 
however,  he  expresses  himself  as  follows  :  "  The  point  Ar.^ 
marks  the  formation  of  a  sub-carbide,  while  the  point  Ar,  is 
due  to  the  combination  of  the  elements  to  form  the  normal 
carbide  Fe^C."  Here  he  certainly  means  that  the  sub-carbide 
forms  during  cooling.  In  presence  of  this  contradiction,  let  us 
examine  both  hypotheses.  If  the  sub-carbide  is  formed  at 
Ac.^  (or  A^3,,,,,)  on  heating,  what  then  is  the  condition  of  the 
carbon  and  iron  between  Ar^  and  Ar^,  seeing  that  FcjC  disso- 
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ciates  at  Ac,  ?  and  how  is  the  hardening  power  of  the  steel  in 
this  range  accounted  for  since  we  have  here  no  sub-carbide  ? 

If  the  sub-carbide  forms  at  Ar.^  (or  Ar.^  ,  ,)  during  coohng, 
the  conditions  are  still  more  startling,  for  then  steels  quenched 
above  Ar^  or  Arg,  2. ,  should  not  be  hardened,  since  they  contain 
no  sub-carbide.  The  writer  would  suggest,  as  the  only  possible 
way  out  of  this  dilemma,  that  the  sub-carbide  forms  on  heating 
at  Ac^  and  diftuses  throughout  the  iron  at  Ac,,,  and  still  farther 
at  Ae^.  This  would  be  supported  by  the  structural  evidences, 
but  it  is  altogether  opposed  to  Prof.  Arnold's  view,  for  he  has 
always  contended  that  the  point  Aj'^  or  Ac^  marks  the  forma- 
tion of  the  sub-carbide. 

Prof.  Arnold  says  that  the  point  Ar,  marks  the  passage  of 
iron  from  a  "  plastic  to  a  crystalline  condition."  Ar^  he  calls 
the  crystallization-point  of  iron.  From  this  we  necessarily  infer 
that  above  Ar^  the  structure  of  iron  is  amorphous ;  for  Prof. 
Arnold's  assertion  implies  that  at  this  point  the  iron  passes  from 
a  non-crystalline  to  a  crystalline  structure,  and  a  structure  must 
be  either  crystalline  or  amorphous.  Mr.  Osmond's  and  the 
writer's  microscopical  investigations  have  conclusively  shown 
that  the  size  of  the  crystals  or  grains  increases  directly  with 
the  temperature  from  which  the  metal  cools,  and  inversely  with 
the  rate  of  cooling ;  whereas,  if  Prof.  Arnold  were  right,  since 
the  structure  remains  amorphous  until  Ar,  is  reached,  it  would 
make  little  ditlerence  how  far  above  this  point  the  steel  were 
heated ;  provided  it  were  heated  above  it,  it  would  always  have 
the  same  sized  grains.  Again,  steel  quenched  above  Ai\  has  a 
decided  crystalline  structure  (Plate  L,  Fig.  2),  while,  according 
to  Prof.  Arnold  it  should  be  amorphous,  unless  it  were  argued 
that  it  crvstallizes  at  A?\  during  sudden  cooling,  but  we  know 
that  quenched  steel  does  not  exhibit  a  retardation  at  Ar.^  or  any 
other  critical  points.  Indeed,  is  it  not  quite  certain  that  crys- 
tallization sets  in  as  soon  as  the  metal  is  allowed  to  cool  undis- 
turbed, no  matter  how  high  the  temperature  ?  Can  we  con- 
ceive of  a  molten  mass  solidifying  and  remaining  amorphous 
during  cooling  for  a  consideralde  time  until  a  certain  critical 
point  is  reached,  when  it  crystallizes  quite  suddenly  ?  Is  not 
solidification  in  some  way  a  synonym  of  crystallization,  and 
with  one  or  two  exceptions  (like  glass  and  opal)  is  there  in 
nature  any  substance   which   solidifies  without   crystallizing? 
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Prof.  Arnold's  contention  is  based  upon  tlie  following  ex}>eri- 
ment:  A  piece  of  iron  was  rolled  to  a  low  temperature,  and 
upon  l)eing  examined  microscopically,  it  Avas  found  that  the 
crystals  were  distorted  and  elongated  in  the  direction  of  the 
rolling.  Upon  reheating  this  metal' to  650°  C.  no  change  of 
structure  was  detected,  but  when  heated  to  750°  C.  the  crystals 
were  found  to  be  again  normal,  all  trace  of  distortion  having 
disap})eared.  From  this  he  infers  that  iron  crystallizes  during 
the  retardation  at  Ar,.  What  this  experiment  really  told  is, 
that  the  metal  becomes  amorphous  at  Xc^  during  heafivg, 
recrystallizing  on  subsequent  cooling;  but  it  does  not  mean 
that  it  remains  amorphous  durivg  cooling  until  the  point  Ar,  is 
reached.  Now,  while,  as  indicated  above,  the  contention  that 
steel  remains  amorphous  during  undisturbed  cooling  is  quite  un- 
tenable, we  have  conclusive  evidence  that  the  metal  becomes 
amorphous  during  the  critical  range,  and  strong  indications  that 
it  remains  so  during  heating.  For  if  a  piece  of  steel  slowly 
cooled  from  a  high  temperature,  and  therefore  presenting  large 
crystals  or  grains,  be  reheated  just  above  the  critical  range  and 
again  allowed  to  cool  we  find  the  structure  made  up  of  very 
small  crystals.  The  steel  has  evidently  become  amorphous  dur- 
ing the  retardation,  and  we  cannot  conceive  of  its  crystallizing 
again  during  further  heating.  The  fact  that  steel  cannot  re- 
main amorphous  during  cooling,  but  does  remain  so  during 
heating,  may  at  first  appear  somewhat  startling,  but  is  it  op- 
posed to  the  laws  which  govern  the  formation  and  growth  of 
crystals  ?  Does  not  a  falling  temperature  promote  the  forma- 
tion of  crystals ;  indeed,  is  it  not  a  necessary  condition  to  their 
formation  ?  Does  not  a  rising  temperature,  on  the  contrary, 
oppose  it  ?  During  undisturbed  cooling  cohesive  attraction 
acts  powerfully,  causing  the  crystals  to  grow.  During  heating, 
on  the  contrary,  cohesive  attraction  is  opposed  more  and  more 
vigorously  by  the  rising  temperature,  which  finally  destroys  the 
crystalline  arrangement  and  causes  the  structure  to  become 
amorphous.  In  other  words,  can  crystallization  take  place 
during  heating  ? 

Prof.  Arnold  says  that  if  steel  crystallized  at  a  higher  tem- 
perature than  750°  C.  (Ar,),  say  at  900°  C,  it  would  imply  that 
all  irons  quenched  at  a  temperature  lower  than  900°  C.  would 
then  have  their  crystals  elongated  in  the  direction  of  the  roll- 
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ing.  As  a  matter  of  fact,  however,  undisturbed  cooling  is  neces- 
sary for  the  crystallization  to  proceed.  If  the  metal  was  forged 
or  rolled,  it  possesses  at  the  end  of  the  operation  an  amorphous 
structure  (provided  the  forging  has  heen  sufficiently  vigorous). 
If  then  the  temperature  is  so  low  that  crystallization  cannot  set 
in,  the  structure  remains  amorphous.  Dr.  Sorby  was  the  first 
to  remark  that  the  grains  of  iron  considered  as  forming  each  a 
crystalline  individual  are  not  drawn  out  in  rolling,  and  are 
therefore  constituted  after  the  metal  has  passed  the  rolls.  The 
reason  that  Prof  Arnold  finds  elongated  crystals  in  this  sample 
must  be  attributed  to  an  insufficiently  vigorous  kneading  or  to 
the  fact  that  the  steel  had  not  been  heated  to  a  sufficiently  high 
temperature  previous  to  rolling,  i.e.,  that  it  had  not  been  heated 
past  the  critical  range,  so  that  the  structure  was  crystalline  at 
the  beginning  of  the  rolling,  and  the  crystals  had  too  much 
rigidity  to  be  effaced  by  the  pressure  of  the  rolls,  being  sus- 
ceptible only  of  undergoing  a  distortion  in  the  direction  of  the 
rolling. 

Prof.  Arnold,  as  already  stated,  does  not  use  the  word  "  amor- 
phous," but  employs  the  word  "  plastic."  Still  he  speaks  of 
Ar2  as  the  crystallization-point  of  iron.  The  crystallization- 
point  of  a  substance  is  that  point  at  which  it  passes  from  an 
amorphous  to  a  crystalline  condition;  it  has  no  other  meaning. 
It  cannot  be  that  Prof.  Arnold  means  that  at  Ar.^  the  iron  passes 
from  a  plastic  to  a  non-plastic  or  rigid  condition.  Plasticity  is 
the  power  possessed  by  certain  substances  of  being  molded. 
This  change  could  hardly  cause  an  evolution  of  heat.  On  heat- 
ing the  iron  becomes  plastic  very  gradually,  becoming  more  and 
more  so  as  the  temperature  rises.  Plasticity  is  a  relative  quality. 
There  is  no  narrow  range  of  temperature  of  which  it  can  be 
said  that  above  it  the  iron  is  plastic,  while  below  it  is  non-plastic. 

There  are  many  phenomena  in  the  physics  of  steel  which 
cannot  be  accounted  for  by  any  of  the  theories  advanced,  and 
in  presence  of  the  confusion  which  so  much  speculation  is  likely 
to  throw  on  this  subject,  it  is  of  great  importance  to  keep  care- 
fully in  mind  the  facts  which  have  been  proved  beyond  reason- 
able doubts.     They  may  be  classified  as  follows  : 

1.  Carbon-steels  during  cooling  or  heating  present  one  or 
more  critical  points  or  retardation.  The  retardations  on  heat- 
ing are  the  reversals  of  the  corresponding  i^etardations  on  cool- 
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ing,  i.e.,  one  cannot  take  place  unless  the  other  has  been  induced 
since  the  former  last  took  place.  They  are  therefore  only  the 
opposite  phases  of  the  same  phenomenon.  Very  mild  steels 
have  three  such  retardations;  mild  and  medium  hard  steels 
have  two  retardations ;  hard  steel  only  one.  Ac.<  and  A('i  occur 
at  a  temperature  somewhat  higher  than  Ai\  and  Ar„  while  Ac.^ 
and  Ar.i  occur  nearly  at  the  same  temperature. 

2.  ^When  a  carbon-steel  is  quenched  froui  a  temperature  above 
the  critical  range  it  is  hardened  in  a  degree  roughly  propor- 
tional to  the  amount  of  carbon.  When  quenched  below  the 
critical  range  it  is  not  sensibly  hardened. 

3.  Carbon-steel  heated  above  the  critical  range  is  non-mag- 
netic ;  below  the  critical  range  it  is  magnetic. 

4.  "When  hardened  steel  is  dissolved  in  cold  dilute  acids  the 
greatest  portion  of  its  carbon  escapes  as  hydro-carbons.  When 
unhardened  steel  is  similarly  treated  nearly  all  of  the  carbon 
is  found  in  a  residue  corresponding  to  the  formula  FCgO. 

5.  Each  critical  point  is  accompanied  by  a  marked  change  in 
the  microstructural  composition  of  the  metal,  and  no  such 
changes  occur  except  at  the  critical  points.*  During  the  two 
upper  retardations  a  certain  amount  of  iron,  previously  com- 
bined with  the  carbon,  and  existing  as  a  distinct  constituent, 
martensite,  is  set  free,  thus  increasing  the  degree  of  carburiza- 
tion  of  the  remaining  martensite  and  reducing  it  in  quantity. 
During  the  second  retardation  a  similar  change  occurs  resulting 
in  a  further  reduction  of  the  volume  occupied  by  the  marten- 
site and  a  further  increase  of  its  percentage  of  carbon.  During 
heating  opposite  changes  occur  at  Ar^  and  A?'.^,  the  amount  of 
ferrite  set  free  at  the  corresponding  point  during  cooling  being 
here  reabsorbed  by  the  martensite.  During  the  retardation  at 
Ar,  the  martensite  is  again  slightly  reduced  in  volume,  and  its 
structure  entirely  changed,  being  transformed  into  the  con- 
stituent which  has  been  described  as  pearlyte,  and  which  is 
made  up  of  a  structural  mixture  of  iron  and  the  carbide  FegC. 
During  heating  at  Ac^  the  reverse  change  takes  place.  The 
pearlyte  changes  back  to  martensite,  absorbing  besides  a  small 
additional  amount  of  iron. 

*  The  size  and  shape  of  the  grains  of  steel  vary  during  slow  cooling  with  the 
initial  temperature  and  the  rate  of  cooling,  but  these  structural  changes  are  not 
changes  of  microstructural  composition.      They  afTect  neither  the  nature  of  the 
constituents  nor  their  relative  proportions. 
VOL.  XXVI.— 58 
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6.  Maiigancse-steel  containina;  about  12  per  cent,  of  manga- 
nese does  not  sho^y  any  marked  retardation  during  slow  cool- 
ing.    It  is  hard  and  non-magnetic. 

Forgetting  for  the  present  the  theories  just  reviewed,  and 
with  only  the  direct  structural  evidences  before  us,  let  us  see  if 
we  can  account  for  the  various  phenomena.  "We  have  seen  that 
not  only  is  every  critical  point  accompanied  by  a  change  of 
microstructural  composition,  but  also  that  each  such  stru(;tural 
change  is  accompanied  by  a  retardation.  Is  it  unreasonable, 
therefore,  to  infer  that  the  absorption  or  evolution  of  heat  which 
occurs  at  the  critical  points  is  due  to  the  structural  changes 
themselves  ?  The  saturation-point  of  carbon  for  iron  is  lowered 
at  the  two  upper  critical  points  on  cooling,  resulting  in  the 
separation  of  a  certain  amount  of  iron.  Cannot  this  change 
produce  an  evolution  of  heat?  Is  it  not  the  passage  of  a  sub- 
stance from  a  less  to  a  more  stable  condition  ?  If  it  be  true 
that  the  carbide  Fe^C  does  not  exist  above  A?',,  the  lowest  re- 
tardation is  both  of  structural  and  chemical  origin,  and  the 
evolution  of  heat  is  here  easily  explained.  But  can  the  hard- 
ening of  steel  be  accounted  for  without  calling  in  allotropy  or 
the  existence  at  a  high  temperature  of  a  hard  state  of  the  car- 
bon or  of  a  hard  carbide  ?  "We  know  that  the  hard  constituent 
of  steel,  martensite,  is  made  up  of  all  the  carbon  present  in  the 
steel  (except  in  very  hard  steel  where  there  is  an  excess  of  car- 
bon present  as  cementite)  with  a  portion  or  the  whole  of  the 
iron.  We  know,  moreover,  that  whatever  the  condition  of  the 
carbon  (whether  it  exists  as  such  or  as  a  carbide)  it  is  diffused 
in  the  iron  of  the  martensite,  and  capable  of  diffusing  through- 
out a  larger  mass  during  the  retardation  on  heating.  'Now  the 
carbonists  claim  that  it  is  carbon  in  a  hardening-state  which  is 
dissolved  through  the  iron,  w^hile  the  allotropists  contend  that 
the  carbon  is  diffused  through  a  mass  of  a  hard  allotropic 
state  of  the  iron.  The  writer  will  venture  to  suggest  that  it 
might  be  the  normal  carbide  FCjC  which  is  thus  diffused 
through  the  iron,  though  the  different  behavior  of  the  carbon 
of  hardened  and  unhardened  steel,  when  dissolved  in  cold 
dilute  acids,  seems  at  first  to  render  such  supposition  impossi- 
ble. If  the  carbon  is  still  combined  with  iron  at  a  high  tem- 
perature, as  Fe/',  this  carbide  must  be  diff'used  through  the 
iron,  and   is  it  not  possible  that  the  escape  of  the  carbon,  on 
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dissolving  liardened  steel,  is  due  to  the  extreme  degree  of  dif- 
fusion of  the  carbide  Fe^^C  ?  In  the  residue  from  the  solution 
of  unhardened  steel  the  carbide  Fe^jC  is  found  in  comparatively 
large  plates  and  grains,  such  as  can  be  detected  through  the 
microscope  in  the  pearlyte  (lamellar  and  granular).  But  in 
the  martensite  of  hardened  steel  cannot  this  Fe^C  exist  in  such 
an  extremely  minute  state  of  division  as  to  account  for  the  vola- 
tilization of  its  carbon  ?  The  writer  asks  whether  this  is  op- 
posed to  chemical  laws,  and  hopes  that  tlie  chemists  will  give 
their  opinions  upon  this  point. 

The  hardness  of  martensite  can  very  well  be  attributed,  then, 
to  the  diffusion  throuo^h  its  mass  of  the  carbide  Fe,C,  which  we 
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hiow  exists  in  steel  below  the  critical  range,  and  which  we  know 
to  be  extremely  hard.  It  will  no  doubt  be  argued  that  if  the 
hardness  of  martensite  is  produced  by  the  presence  of  a  certain 
amount  of  FcjC,  or  cementite,  then  the  pearl}i:e  of  slowly 
cooled  steel  should  be  equally  hard.  Let  us  consider,  for  in- 
stance, the  case  of  a  steel  which  below  the  critical  range  is 
composed  entirely  of  pearlyte,  while  above  this  it  contains  only 
martensite.  Here  the  martensite  and  pearlyte  would  have  the 
same  chemical  composition;  they  would  have  the  same  pro- 
portion of  iron  and  FCjC.  In  pearlyte,  however,  the  iron  and 
the  carbide  each  segregates  in  comparatively  large  masses, 
while  in  martensite  the  hard  Fe.,C  is  uniformly  diffused 
through  the  whole  mass.  May  not  this  account  for  the  differ- 
ence in  their  mineralogical  hardness  ?  To  make  this  matter 
clear,  the  structure  of  pearlyte,  which  contains  1  part  of  Fe^C 
to  7  parts  of  iron,  has  been  sketched  in  A,  Fig.  6,  while  the 
structure  of  martensite  can  be  imagined  as  appearing  somewhat 
like  B. 

A  and  B  show  the  same  proportion  of  intensely  hard  FcjC 
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and  of  soft  iron,  but  on  account  of  the  different  structural  ar- 
rangement and  distribution  of  these  tsvo  constituents,  will  not 
the  hardness  of  martensite,  or,  rather,  its  power  of  resisting 
abrasion,  be  much  greater  than  that  of  pearhi:e  ?  The  rela- 
tively laro-e  soft  areas  of  the  pearlyte  will  be  easily  scratched  or 
worn  away  by  friction,  while  the  soft  meshes  of  the  martensite 
are  on  all  sides  protected  by  the  hard  carbide,  thus  presenting 
great  resistance  to  abrasion.  The  soft  meshes  may  actually  be 
so  minute  that  even  the  point  of  a  needle  will  be  prevented  by 
the  surrounding  cementite  from  marking  them. 

The  writer  does  not  wish  to  advance  here  any  new  theory. 
Indeed,  if  he  knew  that  his  remarks  would  be  so  interpreted  he 
would  refrain  from  giving  them  shape.  He  only  feels  that  they 
may  contain  some  element  of  truth  which  may  help  in  solving 
the  problem  discussed  in  this  paper,  and  if  his  arguments  and 
deductions  are  not  sound  he  hopes  they  will  be  promptly  refuted. 


The  Enterprise  Mine,  Rico,  Colorado. 

BY  T.    A.    RICKARD,    STATE   GEOLOGIST,    DENVER,    COLO. 

(Colorado  Meeting,  September,  1896.) 

I. — Historical. 

Etco,  in  the  southwestern  corner  of  Colorado,  is  one  of  the 
productive  mining  centers  of  the  San  Juan  region,  so-called 
because  its  waters  drain  into  the  river  of  that  name,  which  is 
tributary  to  the  Colorado.  The  San  Juan  region  includes  the 
counties  of  Ouray,  Hinsdale,  San  Miguel,  Dolores,  San  Juan 
and  Montezuma.  It  is  traversed  by  a  network  of  picturesque 
mountain  ranges  on  whose  lofty  summits  there  rests  perpetual 
snow.  The  region  is  peculiarly  rugged,  and,  in  the  early  days 
of  its  development,  tested  to  the  full  the  hardihood  of  the  ad- 
venturers who  first  explored  its  canons  in  search  for  gold  and 
silver. 

A  prospecting  party,  guided  by  Jim  Baker,  scout  and  trap- 
per, penetrated  in  1861  this  part  of  the  territory  of  Kansas.  At 
that  time  the  country  was  in  the  possession  of  the  Ute  Indians. 
In  October,  1873,  by  the  Brunot  treaty,  they  ceded  to  the  United 
States  Government  the  richest  mineral-bearing  portion  of  their 
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domain.  I)Ut  in  the  interval  nincli  prospectins;  had  already 
been  done,  in  defiance  of  ditHenlties  amonii;  which  snowslides 
and  redskins  were  the  most  noteworthy.  The  mountains  bor- 
dering the  Animas  and  its  tributaries  were  first  explored  by 
the  pioneers,  but  the  gathering  wave  of  immigration  soon 
swept  further  westAvard,  and  in  1864  a  guide  named  Robert 
Darling  brought  a  party  of  United  States  army  officers  and 
Mexicans  from  Santa  Fe  to  the  croppings  of  certain  lodes 
which  he  had  found  on  the  Dolores*  river.  This  party  erected 
an  adobe  furnace  and  spent  an  entire  summer  in  an  abortive 
attempt  to  smelt  the  ores,  the  outcrop  of  which  can  still  be 
seen  at  the  north  end  of  the  main  street  of  the  town  of  Rico, 
upon  claims  now  owned  by  the  Atlantic  Cable  Company.  In 
the  autumn  they  returned  to  Santa  Fe,  and  the  valley  was 
given  up  to  the  trappers  and  hunters,  who  found  beaver  along 
the  stream  and  bear  and  deer  on  the  hillsides. 

In  1869  another  expedition  arrived.  It  consisted  of  John 
Eckels,  AVilliam  Hill,  Pony  AVhitmore  and  two  others,  all  of 
whom  had  made  their  way  from  the  Moreno  mines,  a  district 
near  Elizabethtown,  in  what  is  now  New  Mexico.  They  dis- 
covered several  large  lodes  near  the  site  of  the  present  settle- 
ment of  Dolores.  In  the  following  year,  Gus  Begole  came 
across  the  range  from  Silverton,  and  brought  an  assay-outfit 
with  him.  He  and  his  partner,  Eckels,  discovered  and  located 
the  Xigger  Baby  (now  Yellow  Jacket)  and  Dolores  (now  Aztec) 
mines.  They  sank  several  shafts  and  ran  several  drifts,  but  the 
ore  proved  too  low  in  value  to  meet  the  costs  of  treatment  and 
transportation,  and  they  abandoned  their  claims.  Others,  who 
came  from  time  to  time,  had  a  like  experience. 

In  1878,  John  Glasgow^,  Charles  Hummiston  and  Sandy 
Campbell  found  their  way  northward  from  La  Plata  City. 
They  spent  the  summer  in  active  work,  and  located  the  Atlan- 
tic Cable,  Grand  View,  Phamix,  Yellow  Jacket  and  other 
claims.  During  the  succeeding  winter  and  in  the  early  spring 
of  1879,  the  news  went  out  that  "  carbonates  "  had  been  found 

*  If  the  Spaniard  devastated  tlie  countries  he  conquered,  lie  at  least  left  a 
poetic  nomenclature  in  his  wake.  The  river  Animiis  was  called  Rio  de  las  Ani- 
mas perdidas — "the  river  of  lost  souls,"  and  the  gloomy  magnificence  of  its  tu- 
multuous way  renders  the  name  appropriate.  Dolores,  Durango,  San  Miguel, 
San  Juan,  Ignacio,  Dulce,  Juniata,  etc.,  compare  well  with  Cripple  Creek,  Lead- 
ville,  Central  City,  Corkscrew,  Coke  Ovens,  etc. 
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at  Rico,  ami  a  second  Leadvillo  iincovored.  A  "  rush  ''  set  in. 
In  tlie  fall  of  that  year  Messrs.  Jones  and  Mackay,  of  Comstock 
fame,  visited  the  camp  and  purchased  the  Grand  View  group 
of  mnies.  l^ext  year,  1880,  the  hoom  continued,  and  the  erec- 
tion of  a  smelter*  was  begun.  The  material  required  for  con- 
struction all  came  on  mule-back  over  the  ranges  from  Alamosa 
at  a  cost  of  16  cents  per  pound.  In  the  fall  the  furnaces  were 
blown  in  under  the  superintendence  of  Messrs.  Endlich  and 
Arnold. 

All  the  early  discoveries  of  this  district  centered  around 
ISTigger  Baby  hill  and  the  valley  at  its  base.  In  1879,  however, 
a  shipment  was  made  to  Swansea  from  a  discovery  by  Harry 
Irving  on  a  claim  located  further  south,  on  Newman  hill,  which 
is  like  a  footstool  to  IVIount  Dolores.  This  event,  unimportant 
as  it  seemed  at  the  time,  marked  the  beginning  of  the  devel- 
opment which  more  than  ten  years  later  led  to  the  prolific  pro- 
duction of  gold  and  silver  out  of  the  workings  of  the  Enter- 
prise and  Rico-Aspen  mines. 

In  the  spring  of  1881  David  Swickhimer,  Patrick  Cain  and 
John  Gault  sank  a  shaft  35  feet  deep  upon  their  Enterprise 
claim  on  ISTewman  hill.  This  work  was  undertaken  not  Upon 
the  evidence  of  ore,  but  in  the  expectation  of  cutting  the  con- 
tinuation of  the  veins  successfully  worked  in  certain  claims 
further  south,  owned  by  the  Swansea  Gold  and  Silver  Mining 
Company.  Without  entering  into  a  detailed  description  of  the 
geological  structure  of  Newman  hill  it  is  necessary,  in  order 
to  make  the  early  story  of  discovery  clear  to  the  reader,  to  say 
that  the  true  rock  (sandstone  and  limestone)  is  overlain  by 
drift,  through  which  shafts  must  penetrate  before  reaching  the 
ore-bearing  formation.  The  veins  do  not  reach  the  present 
surface,  save  in  the  face  of  the  landslip  where  Harry  Irving 
first  detected  them.  The  three  owners  above  mentioned  traded 
their  claim  to  George  S.  Barlow  for  $300  worth  of  lumber. 
Barlow  continued  the  sinking  of  the  shaft  to  a  depth  of  146 
feet.  On  an  adjoining  claim,  named  the  Songbird,  anotherminer, 
A.  A.  Waggener,  sank  a  shaft  to  the  depth  of  203  feet.  The 
latter  penetrated  through  the  drift  into  lime  shale ;  but  the  En- 

*  That  smelter  still  exists.  It  has  afforded  many  well-known  metallurgists 
their  early  and  hard-bought  experience.  Its  history  would  present  an  amusing 
commentary  on  the  struggles  of  ill-digested  enterprises. 
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terprisc  sliaft  did  not  at  that  time  reach  the  true  rock.  Both 
shafts  got  into  very  wet  ground.  In  the  meantime  the  Swansea 
workings  were  reported  to  be  impoverished  and,  finally,  ex- 
hausted of  ore.  It  was  also  said  that  the  veins  did  not  extend 
northward,  but  the  real  fact  was  that  cross-veins  had  faulted 
the  ore-liearing  veins  in  a  manner  to  be  rendered  clear  later  on 
in  this  account.  Newman  hill  was  discredited,  and  early  in 
1883  the  Enterprise  and  Songbird  shafts  were  abandoned. 

A  year  later,  Larned  and  Hackett  resumed  work  in  the 
Swansea  levels,  and,  by  mere  accident,  discovered  that  the  veins 
had  not  come  to  an  end,  but  were  simply  dislocated.  They 
prosecuted  development,  proved  the  continuity  of  the  ore  and 
made  large  shipments.  Their  success  induced  Waggener  and 
Barlow  to  relocate  their  abandoned  claims  late  in  1886.  But 
neither  of  them  had  any  capital,  and  they  were  unable  to  over- 
come the  heavy  flow  of  water.  In  December,  1886,  David 
Swickhimer  bought  out  Waggener's  interest,  acting  on  knowl- 
edge obtained  while  working  in  the  Swansea  mine,  which  had 
satisfied  him  that  the  veins  must  extend  into  the  Enterprise  and 
Songbird  claims.  In  March,  1887,  he  recommenced  the  sink- 
ing of  the  Enterprise  shaft.  In  May  he  acquired  one-half  of 
Barlow's  interest.  In  July  the  windlass  w^as  replaced  with  a 
steam-engine  and  a  pump.  All  this  time  Larned  and  Hackett 
were  drifting  rapidly  nortliward  and  threatened  soon  to  reach 
the  boundary  separating  their  territory  from  that  of  Swickhimer 
and  Barlow.  Unless  the  two  latter  succeeded  soon  in  finding  a 
vein  in  place,  so  as  to  permit  a  valid  location,  the  claims  could 
be  successfully  disputed.*  They  therefore  hurried  the  sinking, 
and  in  spite  of  bad  luck,  floods  of  water  and  a  general  lack  of 
experience,  they  struck  ore  on  the  6th  of  October  at  a  depth  of 
262- feet.  The  first  assay  gave  2.1  ounces  of  gold  and  519.4 
ounces  of  silver  per  ton. 

This  ore  was  one  foot  thick  and  formed  part  of  a  "  flat  lode." 
In  tlie  light  of  later  developments,  this  discovery  is  known  to 
have  been  a  piece  of  particular  good  fortune,  for  the  maps  of 
to-day  prove  that  it  was  the  edge  of  the  biggest  ore-body  ever 
found  on  Newman  hill,  and  that  a  shaft  put  down  20  feet  fur- 
ther east  would  have  missed  it.  This  was  the  first  evidence  of 
the    existence  of  a  flat  ore-deposit.     Swickhimer  thought  at 

*  A  good  example  of  the  iniquitouy  operation  of  our  absurd  mining  law. 
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first  that  it  was  merely  a  roll  in  the  Enterprise,  an  almost 
vertical  vein.  It  was,  however,  soon  proved  by  the  workings 
to  be  a  bedded  formation,  conformable  to  the  enclosing 
country.  The  shaft  was  sunk  60  feet  below  this  "  con- 
tact," and  a  drift  was  run  westward  until  the  increased  seepage 
of  water,  in  the  following  spring,  proved  too  much  for  the 
pump,  and  caused  work  to  be  confined  to  the  contact.  In  July 
the  water  diminished,  drifting  was  resumed,  and  in  August,  at 
a  distance  of  118  feet  southwest  of  the  shaft,  the  Enterprise 
vein  was  at  last  intercepted.  The  ore  was  20  inches  thick  and 
assayed  3.2  ounces  of  gold  and  285.5  ounces  of  silver  per  ton. 

In  May,  1890,  the  Songbird  and  Enterprise  mines,  together 
with  much  adjoining  property,  were  acquired  by  the  Enterprise 
Mining  Company,  the  operations  of  which  were  directed  by  the 
writer  from  March  1,  1894,  to  February  28,  1895. 

Fig.  A  shows  the  group  of  claims  forming  the  property,  and 
the  railway  connecting  them  with  the  town  of  Rico.  The  mine 
map  (Fig.  B)  indicates  the  complex  of  drifts  and  crosscuts 
which  follows  the  ramification  of  veins.  The  workings  aggre- 
gate 8  miles  in  length.  They  have  yielded  ore  whose  gross 
value  exceeds  §3,500,000.  Of  this  nearly  one-quarter  has  been 
gold,  the  remainder  silver.* 

Entrance  to  the  mine  is  made  by  the  Group  tunnel  which 
has  a  course  S.  56°  68'  E.,  and  consequently  cuts  the  ore-bear- 
ing veins  almost  at  right  angles.  Moreover,  since  its  line  cor- 
responds closely  to  the  strike  of  the  country,  it  intercepts  the 
veins  at  an  approximately  equal  depth  below  the  contact.  It 
would  do  so  without  variation,  but  for  the  step-faulting  which 
accompanies  the  vein-structure. 

The  tunnel  or  adit  is  2920  feet  long.     Near  the  entrance  the 


*  The  analysis  of  representative  lots  of  ore 

gave 

the  following 

results : 

First  class. 

Second  class. 

Si02,                           29.2  percent. 

50  to  55 

per  cent. 

Mn,                              2.0        " 

6  to  10 

Fe,                              11.8       " 

6  to  10 

Zn,                               12.0        " 

5  to    7 

Pb,                               10.2        " 

2  to    3 

S,                                11.6        " 

5  to    8 

Au,                                0.87  oz.  per  ton. 

0.3  to  0.5 

oz.  per  ton. 

Ag,                             221.50       "      " 

45  to  75 

«      i( 

The  first  class  was  mostly  contact-ore,  while  the  second  class  consisted  of  the 
bulk  of  the  product  of  the  verticals. 
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contact  is  210  feet  overhead,  at  the  breast  it  has  approached  to 
within  35  feet.  The  hxrgest  drop  is  due  to  a  down-throw  on 
the  so-called  Leo  cross-vein. 

II. — The  Country-Rock. 

The  Dolores,  as  it  flows  sonthward  from  the  town  of  Rico,  is 
overlooked  on  the  west  hy  Mount  Expectation,  and  on  the  east 
by  Newman  hill.  The  river  has  eroded  its  own  way  and  does 
not  follow  the  line  of  a  fanlt.  The  Lower  Carboniferons  beds, 
which  form  both  its  bed  and  the  immediately  flanking  hillsides, 
can  be  traced  across  the  valley.  On  ]S^ew^llan  hill  they  are  for 
the  most  part  hidden  by  a  deposit  of  Quaternary  drift,  the 
maximum  thickness  of  which  is  about  400  feet,  diminishing 
southwestward.  The  underlying  shales,  limestones  and  sand- 
stones contain  fossils  which  determine  their  stratigraphical  place. 
The  intrusions  of  porphyrite,*  both  plentiful  and  irregular  in 
form,  particularly  at  the  northern  end  of  ISTewman  hill,  aflbrd 
an  exqilanation  of  the  metamorphism  of  the  sedimentary  rocks. 

The  country  enclosing  the  ore-deposits  consists  of  these 
shales,  limestones  and  sandstones,  having  a  strike  I^.  20°  W. 
and  an  average  dip  of  10°.  They  are  thinly  bedded.  Single 
beds  are  not  extensive,  one  layer  dwindling  in  thickness  until 
it  dovetails  into  another.  Without  necessary  variation  in 
width,  t\iQ  composition  may  change  so  that  lime  graduates  into 
sandstone.  These  facts  indicate  that  the  sediments  were  laid 
down  in  estuaries  and  in  such  shallow  reaches  of  water  as  per- 
mitted of  swift  changes  in  the  conditions  of  sedimentation. 
The  fossil  remnants  are  of  a  kind  that  accords  with  this  view. 

The  foregoing  description  applies  especially  to  that  portion 
(about  200  feet  thick)  of  the  formation  to  which  the  mine- 

*  The  following  notes  on  a  thin  section  of  this  rock,  a  hornblende-augite  por- 
phyrite, were  given  by  Mr.  R.  C.  Hills,  geologist  of  the  Colorado  Fuel  and  Iron 
Company. 

MucroHcopic  Character. — The  rock  is  grayish  in  color,  and  shows  wliite,  opaque 
feldspar  (plagioclase),  evidently  much  kaolinized ;  also  small,  partly-altered 
green  hornblendes.     Apatites  are  occasionally  visible  under  the  lens. 

Microsropir.  Character. — Under  the  microscope  the  feldspars  are  seen  to  be  largely 
altered  to  kaolin.  So  far  as  determinable  in  the  only  section  available,  they  are 
plagioclase.  The  green  hornblendes  are  largely  altered  to  chlorite.  Small  pale- 
green  augites  and  stout,  relatively  large  apatites  are  rather  numerous,  together 
with  ore  particles  (magnetite).  The  granular  groundma^s  is  much  kaolinized, 
and  abundantly  distributed  through  it  are  grains  and  microlithic  crystals  of  feld- 
spar, also  kaolinized. 
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workings  are  priicticallj  confined..  The  veins  do  not  penetrate 
upwards  beyond,  the  horizon  known  as  the  "  contact,"  and  they 
become  barren  at  an  average  depth  of  about  150  feet  below 
that  horizon.*  For  this  reason  the  overlying  rock  has  been 
merely  penetrated  in  sinking  to  the  ore-bearing  horizon,  and, 
similarly,  the  underlying  beds  have  only  been  pierced  by  one  or 
two  unsuccessful  shafts  and  bore-holes. 

The  beds  above  the  contact  consist,  in  ascending  order,  of: 

2  to  5  ft.  of  lime  breccia; 

A  thin  bed  of  soft,  crushed  sandstone,  which  rarely  reaches 
a  thickness  of  9  ft.,  averages  less  than  1ft.,  and  is  occasion- 
ally entirely  absent; 

6  to  8  ft.  of  black  shale ; 

30  to  40  ft.  of  sandstone  beds,  and 

40  to  50  ft.  of  black  lime-shales. 

The  last  graduate  into  a  series  of  blocky  limestones,  the  es- 
carpments of  which  appear  on  the  face  of  Mount  Dolores.  In 
none  of  the  beds  of  this  series  have  profitable  ore-deposits  been 
found,  although  large  veins  of  calc-spar  traverse  them  at  inter- 
vals. 

The  contact  is  not  an  ore-measure  lying  between  two  persist- 
ent beds  of  shale  and  limestone,  as  has  been  stated,  f  The 
composition  of  the  encasing  rocks  is  variable  because  of  the 
comparatively  brief  persistence  of  individual  members  of  the 
sedimentary  series.  It  may  be  said,  however,  that  the  ore  of 
the  contact  is  invariably  found  in  rock  which  has  undergone 
shattering.  An  appearance  of  undisturbed  solidity  is  occa- 
sionally given  by  later  cementation.  Several  raises  put  up  to 
the  contact  from  the  upper  main  level  of  the  mine  afford  sec- 
tions of  the  formation.     Two  are  quoted. 

No.  1.  No.  2. 

10  in.  of  compact  pulverulent,       2  ft.  of  brown  lime  breccia, 
lime,  6  in.  of  fine-grained   sand- 

14  in.  of  lime  breccia,  stone. 

2  in.  black  shale,  21  in.  dark  blocky  limestone, 
19  in.  limestone,  3  in.  black  soft  shale, 

12  in.  sandy  limestone,  28  in.  blocky  lime, 
10  in.  sandstone,  5  in.  laminated  sandstone, 

*  See  Figures  D  and  E,  p.  974. 

f  J.  B.  Farish,  Proeeedinr/s  Colorado  Scientific  Society,  vol.  iv.,  p.  154. 
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No.  1. 

1  in.  parting  of  black  mud, 

2  ft.  lime  shale, 

8  in.  crushed  lime, 
25  in.  blocky  limestone, 
10  in.  soft  sandstone, 

1  in.  parting  of  shale. 
Then  a  series  of  thin  beds  of 
sandstone  aggregating    21 
ft. 
18  in.  light-colored  limestone, 


No.  2. 
18  in.  black  shale, 

1  in.  parting  black  mud, 
15  in.  light  gray  limestone, 

1  in.  parting, 
58  ft.  sandstone, 
21  ft.  shale, 

7  in.  sandstone, 
3  in.  shale, 
4|  ft.  sandstone, 

2  in.  lime  shale, 

3  ft.  coarse  sandstone. 


10  ft.  sandstone, 
Then  a  further  series  of  sandstones. 

The  section  given  in  the  first  column  came  from  the  first 
raise  on  the  Jumbo  ISTo.  3  upper  level,  the  second  from  a  raise 

Fig.  1. 


Non  persistence  of  Beds. 

on  the  Kitchen  vein  from  the  Enterprise  level  at  the  end  of  the 
cross-cut  between  raises  7  and  8,  Songbird.  The  linear  distance 
between  the  two  sections  is  only  900  feet.  Beyond  the  simi- 
larity of  the  breccia,  which  marks  the  "  contact,"  these  two 
sections  are  entirely  dissimilar,  and  it  seems  impossible  to  re- 
cognize any  continuity  in  the  stratification.  The  comparison 
serves  to  explain  the  statement  already  made  that  the  beds  of 
the  series  are  notably  non-persistent.  The  sketch  reproduced 
in  Fig.  1  represents  the  face  of  a  cross-cut  where  a  bed  of  sand- 
stone has  been  caught  in  the  act,  as  it  were,  of  merging  into 
a  bed  of  lime-shale. 

Further  sections  of  the  contact-horizon  will  be  given  when 
we  come  to  consider  the  ore-distribution  at  that  level. 
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It  has  been  seen  that  below  the  contact  comes  a  series  of  very 
thin  lime  and  shale  beds,  interrupted  by  occasional  sandstone 
divisions.  These  beds  are  all  dark  in  color,  graduating  from 
coal-blackness  at  the  contact  to  dark  grays  at  a  distance  of  100 
or  150  feet  from  it.  As  the  contact  is  left,  the  sandstone  beds 
become  more  frequent,  their  grain  is  notably  coarser,  the  lime- 
stones become  less  shaly  and  more  blocky,  the  black  shale  is 
absent,  and  soon  the  workings  penetrate  into  thick  beds  of  a 
coarse,  light-colored  quartzitic  sandstone. 

One  or  tvvo  shafts  have  been  sunk,  but  the  records  which 
have  been  kept  are  unfortunately  so  vague  as  to  be  useless  for 
the  purposes  of  a  geological  section.  The  Jumbo  shaft  pene- 
trated 524  feet  below  the  contact,  without  any  discovery  of  im- 
portance. The  Skeptical  shaft,  just  north  of  the  Enterprise 
property,  was  sunk  365  feet  in  porphyrite  and  then  penetrated 
15  to  20  feet  of  shales  and  limestone.      A  bore-hole  subse- 


Fig.  la 


Jumbo  Shaft 


Scale,  150  feet=l  iuch  Group  Tu 

Section  through  Jumbo  and  Laura  Shafts. 

quently  put  down  in  the  bottom  of  this  shaft  went  through  200 
feet  of  shales  and  limestone  before  entering  quartzite,  where 
operations  ceased.  The  Lexington  tunnel,  which  is  400  feet 
below  the  contact,  penetrates  the  Newman  hill  formation  for  a 
distance  of  2740  feet,  and  is  in  coarse,  light-colored,  hard  sand- 
stone for  most  of  its  length. 

There  has  always  been  much  surmise  regarding  a  certain 
undiscovered  "  second  contact."  It  has  been  the  cause  of  much 
nonsensical  mining.  The  Enterprise  Company,  in  1893,  sunk 
the  Jumbo  shaft  in  search  of  this  lower  ore-measure,  not  realiz- 
ing that,  owing  to  the  position  of  the  shaft  and  the  dip  of  the 
formation,  they  would  have  to  go  down  300  feet  below  their 
main  adit  before  they  would  be  even  level,  in  a  geological 
sense,  with  existing  northern  workings. 

This  piece  of  exploratory  work  was  badly  planned  and  proved 
without  result.  The  neighboring  company,  the  Rico-Aspen 
Consolidated  Mining  Co.,  put  down  a  bore-hole,  which  was  aa- 
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barren  of  encouragement.  The  "second  contact"  of  Xcwman 
hill  is  a  vain  imagination.  A  hazy  idea  of  the  geology  of  Lead- 
ville,  blended  with  a  misconception  of  that  of  Rico,  has  caused 
the  growth  of  an  idea  having  no  facts  for  its  support.  It  was 
suggested  by  the  occurrence,  on  the  hills  north  of  the  town 
(above  the  village  of  Piedmont),  of  a  series  of  at  least  three  ore- 
bearing  contacts,  and  it  seemed  to  be  indicated  by  the  devel- 
opments in  tlie  Atlantic  Cable  mine.  But  deductions  from  this 
evidence  arc  vitiated  by  reason  of  the  fact  that  the  valley  of  the 
Dolores,  near  the  north  of  the  town,  is  crossed  by  a  large  dike 
of  porphyrite,  marking  a  fault  which  breaks  the  continuity  of 
the  country  on  either  side. 

The  Atlantic  Cable  Co.'s  bore-hole  gave  the  following  down- 
ward section : 

Feet. 

Limestone,        ..........  7 

Lead-  and  zinc-ore,  .........  4 

Limestone,        ..........  5j 

Lead-  and  zinc-ore,  .........  5 

Limestone,        ..........  13 

White  marble,  .........  20 

Zinc-l)lende  ore,         .........  3 

Specular  iron-ore,      .........  18 

Limestone,         ..........  43 

Porphyrite,        ..........  1 

Limestone,         ..........  25 

Porphyrite,        ..........  2 

Limestone,         ..........  3 

Mineralized  porphyrite,    ........  3 

Porphyrite, .21 

The  remaining  170  feet  of  the  hole  continued  in  quartzite. 
To  render  the  evidence  complete,  I  now  append  the  record  of 
the  Rico-Aspen  Co.'s  bore-hole.  This  was  sunk  20  feet  north- 
west of  the  Jumbo  vein,  between  raises  7  and  8,  at  a  point  85 
feet  below  the  contact.  It  was  begun  February  12,  and  fin- 
ished September  10,  1895.  From  the  collar  to  a  depth  of  481 
feet  the  drill  traversed  alternating  beds  of  limestone  and  sand- 
stone ;  the  latter  becoming  coarser  as  depth  was  attained. 
From  481  to  541  feet  the  drill  traversed  porphyrite.  Between 
541  and  573  feet  the  rock  was  quartzite.  Then  porphyrite  con- 
tinued to  the  bottom  of  the  hole,  at  706  feet.  The  evidence 
aftbrded  by  these  borings  w  11  be  referred  to  after  otlier  mat- 
ters have  been  passed  in  review. 
VOL.  XXVI. — 59 
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III. — The  Ore-Occurrence. 

In  the  investigation  of  the  relation  between  the  ore-occur- 
rence and  the  rock-structure  it  is  found  that  there  are  two  dis- 
tinct systems  of  vein-fissuring.  One  series  of  veins  has  a 
N.E.-S.W.  strike  and  a  nearly  vertical  dip ;  and  this  series  is 
crossed  and  faulted  by  a  second  system,  having  an  approxi- 
mately N.  and  S.  trend  and  a  flat  dip.  The  former  are  ore- 
bearing  and  are  called  "  verticals  "  or  "  pay-veins ;  "  the  latter 
are  barren  of  valuable  ore  nnd  are  termed  "  cross- veins."  Both 
series  fail  to  reach  the  present  surface,  save  where  deep  erosion 
has  occurred,  because,  in  coming  up  through  the  Carboniferous 
formation,  they  are  abruptly  terminated  in  their  near  approach  to 
a  certain  horizon  marked  by  the  occurrence  of  black  shale  and 
beds  of  crushed  lime.  This,  the  contact,  is  disturbed  by  the 
cross-veins. 

The  verticals  are  not  productive  immediately  under  the  con- 
tact. On  the  contrary,  when  within  a  distance  varying  from  5 
to  15  feet  from  that  contact  they  split  up  into  stringers,  which 
scatter  the  ore  so  as  to  render  exploitation  unprofitable.  Apart 
from  this  dispersion  of  the  vein,  the  total  amount  of  ore  which 
it  carries  is  also  decidedly  lessened.  The  plane  of  the  contact 
is  itself  ore-bearing ;  the  bodies  occurring  in  the  form  of  nar- 
row channels  ramifying  through  the  crushed  rock,  in  directions 
which  correspond  exactly  to  the  strike  of  the  veins  underneath. 
It  is  a  notable  fact,  moreover,  that  the  cross-veins,  barren  as 
they  are,  are  yet  related  to  ore-bodies  on  the  contact  as  rich  as, 
if  not  richer  than,  those  above  the  line  of  the  verticals. 

The  knowledge  of  the  relationships  just  outlined  has  proved 
vital  to  the  intelligent  exploration  of  the  mines ;  and  the  theo- 
retical consideration  of  them  is,  to  the  student  of  ore-deposition, 
highly  suggestive.  The  structure  of  the  formation,  on  account 
of  the  narrowness  of  the  veins  and  the  thinness  of  the  beds 
through  which  they  pass,  affords  within  the  space  of  a  few 
square  feet  sections  which  ordinarily  it  requires  acres  to  en- 
compass. The  coloring,  moreover,  of  the  minerals  accompany- 
ing the  ore  and  of  the  rocks  enclosing  it,  is  so  marked  as  to  assist 
the  ready  interpretation  of  structure,  and  enables  the  observer  to 
portray  them  by  pen  and  pencil.  For  these  reasons  the  writer  has 
endeavored  to  give  the  testimony  collected  by  him  in  the  i'orm 
of  a  series  of  drawings,  rendering  much  comment  unnecessary. 
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IV. — The  "  Verticals  "  or  Ore-Bearing  Veins. 

These  belong  to  the  simplest  type  of  ore-deposit.  They  are 
fractures  cutting  across  the  sedimentary  rocks  almost  at  right 
angles  to  the  bedding-planes.  They  Inive  a  simple  structure. 
Their  width  averages  less  than  a  foot;  they  are  built  along 
fault-lijK's,  are  sensitive  to  the  changes  in  the  encasing  rock, 
and  are  themselves  faulted  by  veins  of  later  formation. 

Fig.  2. 


F-r— --j  SHALE  I  //■  ^  VEIN 

A  Typical  Pay-vein  or  Vertical. 

About  a  dozen  veins  have  undergone  noteworthy  develop- 
ment, and  of  these,  five  have  yielded  the  bulk  of  the  ore-pro- 
duction of  the  mine.  The  Enterprise,  Jumbo  No.  2,  Jumbo 
l^o.  3,  and  Hiawatha  all  dip  to  the  northwest  at  angles  varying 
from  5°  to  15°  from  the  vertical ;  the  Eureka  is  practically  ver- 
tical ;  while  the  Kitchen,  Swansea  and  Songbird  veins  have  an 
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opposite  (soutlicust)  dip  and  a  flatter  angle,  viz.,  from  12°  to 
22°  from  the  vertical.     Their  strike  varies  between  50°  and  65° 
east  of  north,  the  Eureka  being  conspicuous  for  its  regularity. 
Fig.  2  is  a  typical  illustration  obtained  from  the  end  of  one 
of  the  levels.     The  vein  is  from  5  to  6  inches  wide  and  cuts 

Fig.  4. 
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Vertical  and  Horizontal  Movements. 


the  country-bedding  at  a  right  angle.  It  will  be  noted  that  the 
ore  occupies  the  line  of  a  fault,  the  throw  of  which  is  7  inches  ; 
the  direction  of  the  movement  which  caused  it  being  indicated 
by  the  turning  up  of  the  bedding-planes  on  the  hanging-wall  of 
the  vein,  and  a  corresponding  bend  in  the  partings  on  the  foot- 
wall  side.  The  varied  texture  and  color  of  the  beds  of  sand- 
stone and  limestone  rendered  this  structure  very  distinct. 
Fig.  3  represents  the  Songbird  vein,  which  has  a  dip  op- 
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posite  to  that  of  the  Jumbo  Xo,  3,  just  described.  The  drawing 
came  from  a  stope  about  30  feet  below  the  contact,  where  the 
vein  happened  to  be  entirely  encased  in  beds  of  sandstone.  A 
fault  is  evident.  Its  throw  is  about  28  inches.  The  ore  is 
9  to  12  inches  wide.  On  the  hanging  there  is  a  casing,  A  A, 
3  to  4  inches  thick,  which  follows  the  vein  throughout  the 
section.  This  casing,  of  dark  sandstone,  is  separated  by  a 
slight  selvage  from  the  outer  country,  but  graduates  gently 
into  the  vein-stuft  adjoining  it  on  the  east.  On  the  foot-wall 
there  is  a  marked  selvage,  accompanied  by  crushed  rock. 
Two  inclusions,  C  C,  of  sandstone  occur  within  the  ore.  The 
latter  is  banded  by  streaks  of  zinc-blende  and  by  ribbons  of 
rhodochrosite  within  the  quartz.  D  D  is  quartz.  At  B  B  the 
ore  has  been  slightly  dislocated. 

In  Fig.  4  more  complex  conditions  are  represented.  Two 
dislocations  of  the  country  are  e\^dent.  The  vertical  break 
followed  by  the  ore-formation  has  a  throw  of  about  2  feet, 
while  the  lateral  fault,  evidently  of  later  occurrence,  has  caused 
a  disturbance  measured  by  9  inches  only.  It  will  be  noticed 
that  the  parting  separating  the  upper  fine-grained  sandstone 
from  the  bed  of  limestone  has  been  brought  into  line  with  that 
di^ddingr  the  same  bed  of  lime  from  the  underlying  coarser 
sandstone.  This  coincidence  must  have  facilitated  the  subse- 
quent lateral  shifting  of  the  rocks.  Such  occurrences  are  fre- 
quently observable  in  the  mine. 

It  may  be  questioned  whether  the  movement  along  the  bed- 
ding took  place  before  or  after  the  ore  had  been  laid  down. 
There  is  evidence  elsewhere  in  the  mine  that  such  movements 
have  both  preceded  and  succeeded  the  vein-formation.  In  this 
case  it  preceded,  because  the  ore  is  seen  to  be  not  abruptly 
broken  off,  but  shaped  to  the  structural  conditions  created  at 
this  point  previous  to  its  precipitation. 

A  different  state  of  things  is  disclosed  in  Fig.  5,  which  rep- 
resents the  Jumbo  No.  2  vein,  as  seen  in  the  end  of  the  lower 
level.  Here,  as  usual,  the  ore  occupies  a  fault-fracture,  which 
has  dislocated  the  bedding  to  the  amount  of  20  inches ;  but,  in 
addition,  a  later  movement  along  coincident  partings  has  broken 
the  vein  and  thrown  it  about  a  foot.  The  ore  has  been  shat- 
tered, and  in  the  clay  accompanying  the  line  of  fault  there  are 
pieces  of  quartz  and  rhodochrosite,  evidently  due  to  this  shat- 
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terhig.  The  quiirtz-veins,  unaccompanied  by  ore,  observable 
to  the  left  of  the  vein,  ^re  of  later  origin.  The  dike  of  por- 
phyrite  will  be  referred  to  elsewhere. 

In  Fig.  6  a  similar  later  movement,  but  this  time  in  a  vcr- 


FiG.  5. 


VEIN  QUARTZ 


Fault  along  Bedding-plane. 

tical  direction,  is  illustrated.  The  Jumbo  ]^o.  3  vein,  here 
shown,  follows  a  fault  the  throw  of  which  is  about  2  feet. 
Since  the  ore  was  laid  down  a  later  shifting  of  the  country  has 
been  accompanied  by  the  formation  of  a  fracture,  which  ap- 
proximately follows  the  line  of  weakness  of  the  older  move- 
ment, and  breaks  across  the  ore  lying  in  its  path.     The  amount 
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of  this  dislocation  cannot  be  measured  with  certainty;    it  is 
probably  slight. 

The  veins  are,  as  to  their  size,  behavior  and  ore-bearing  char- 
acter, very  sensitive  to  the  structure  of  the  enclosing  rock. 
They  flatten  when  traversing  lime,  the  increased  deviation 
from  the  vertical  being  accompanied  by  a  diminution  of  ore. 

Fig.  6. 
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Later  Movement  along  Original  Fracture. 

Even  in  those  cases  where  the  actual  width  may  not  decrease 
the  percentage  of  valuable  minerals  does.  In  sandstone  they 
usually  straighten  up,  and  are  marked  by  an  enrichment. 
When  crossing  a  parting  between  the  beds  an  otfset  of  ore  is 
often  formed  underneatli  the  parting.  Some  of  these  charac- 
teristics are  illustrated  in  Figs.  7  and  8,  both  representing  the 
Enterprise  vein.     In  both  the  faulting  along  the  ore-break  can 
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be  measurecl,  since  the  dislocated  portions  of  the  same  bed  are 

similarly  lettered.  _        ,    ,   .  .x, 

Amono-  the  miners  it  was  the  common  saying  that  "the  vein 
makes  ore  in  sandstone,"  but  my  observations  did  not  quite 
confirm  this  generalization.  When  traversing  lime  the  veins 
tend  to  split  uv  into  stringers,  and  this  is  the  case,  to  a  lesser 

Fig.  7. 
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Vein  Flattening  along  a  Shale-bed. 

degree  perhaps,  in  sandstone.  On  the  whole,  my  experience 
was  that  unlike  walls  give  the  best  environment  for  rich  ore, 
and  that  a  foot-wall  of  sandstone  with  a  hanging  of  lime  is  a 
particularly  favorable  combination. 

In  some  cases  comparatively  modern  shiftings  of  the  country 
are  evidenced.  Thus  in  Fig.  7  the  flattened  part  of  the  vein, 
E  F,  formed  along  the  shale  band,  is  crushed,  and  it  is  my  be- 
lief that  this  was   caused  by  a  movement  along  the  bedding 
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long  subsequent  to  the  formation  of  the  vein  itself.  The 
stringers,  G  G,  are  also  of  late  origin,  and  are  composed  of 
barren  quartz  dissimilar  to  the  gangue.  In  Fig.  8  there  is  a 
similar  jog  in  the  vein,  but  in  this  case  no  crushing  or  disturb- 
ance is  suggested. 

Pronounced  selvasres  are  not  characteristic  of  these  veins. 


Fig.  8. 
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Influence  of  Encasing  Rock  upon  Behavior  of  Vein. 

When  noticeable  they  are  usually  in  lime-beds.  In  sandstone 
they  are  comparatively  infrequent^  and  the  absence  of  a  parting 
causes  the  ore  to  separate  with  difficulty  from  the  sandstone, 
into  which  it  merges  in  such  a  manner  as  to  cause  the  miners 
to  say  that  it  is  "  frozen  "  to  it.  A  casing  of  sandstone  is  occa- 
sionally seen  when  the  vein  is  entirely  enclosed  by  lime,  prov- 
ing that  the  sandstone  must  have  been  shorn  oif  upper  beds  in 
the  course  of  that  movement  which  determined  the  existence 
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of  the  vein.  This  feuture  is  ilhistrated  in  Figs.  0  and  10. 
The  first  of  these  represents  the  Jumbo  No.  3  vein,  which  in 
this  instance  is  identified  "s^dth  a  fault  of  about  3  feet  throw. 
On  the  foot-wall  the  ore  is  divided  from  the  country  by  a  clay 
selvage,  but  on  the  hanging  there  is  no  such  parting.  Toward 
the  liottom  of  the  section  the  vein  exhibits,  on  its  hanging-wall, 
a  casing  of  country  which  changes  from  sandstone  (A)  to  lime 
shale  (B)  in  accordance  with  the  succession  of  similar  adjacent 
beds.  The  ore  is  distinctly  ribboned  by  a  symmetric  alterna- 
tion of  vari-colored  minerals.  D  is  quartz.  The  vein  is  bi- 
laterally symmetrical  on  either  side  of  a  central  line  marked 
by  vugs  or  cavities,  C  C,  which  are  encrusted  with  quartz 
crystals.  The  blende  on  each  side  of  these  vugs  occurs  in  a 
cnriousl}'  spotty  manner,  suggesting  brecciation.  The  smaller 
vein,  E  E,  consists  of  barren  quartz  and  rhodochrosite.  It  is 
of  apparently  later  origin. 

In  Fig.  10  we  have  a  very  striking  example  of  this  ribboned 
structure,  to  be  discussed  later  on.  For  the  present  attention 
is  directed  to  the  sandstone  casings  which  follow  the  walls  of 
the  vein.  That  on  the  hanging  (F  F)  is  scarcely  an  inch  wide, 
and  has  no  appreciable  selvage  separating  it  from  the  outer 
country.  That  on  the  foot-wall,  A  A,  varies  in  thickness  from 
1|  to  2|  inches,  has  a  distinct  parting  dividing  it  from  the  coun- 
try, and  is,  moreover,  marked  by  a  dark  streakiness,  suggesting 
incipient  ore-formation.  In  both  cases  these  casings  graduate 
gently  into  the  adjacent  vein-stuff". 

Each  vein  follows  a  fault-fracture.  The  shifting  of  the  coun- 
try is  not  likely  to  have  been  limited  to  a  single  line  of  fault- 
ing, and  it  is  found  that  just  as  the  series  of  "verticals"  indi- 
cate contemporaneous  and  approximately  parallel  movements, 
so  there  are  also  other  minor  shiftings  sympathetic  to  these, 
unaccompanied,  it  may  be,  by  ore,  and  therefore  unexplored  by 
the  miner.  Such  subordinate  faults  are  occasionally  seen  close 
to  the  vein.  Fig.  11  is  a  section  of  the  Jumbo  No.  3  in  a  stope 
where  it  was  non-productive,  being  represented  merely  by  a 
barren  quartz  vein,  carrying  a  little  rhodochrosite,  but  no  valua- 
ble sulphides.  Two  lines  of  faulting,  A  A  and  B  B,  are  evi- 
dent. The  vein  first  follows  one  of  these  fault-planes  and 
then  deviates  along  cross-joints  until  it  meets  the  other,  5  feet 
further  west,  which  it  then  accompanies.  Both  fault-lines  are 
marked  by  a  selvage.     The  ore  lies  on  the  under  side.     The 
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main  lode  (DD)  reappears  (along  BB)  5i  feet  lower  down. 
Deeper  still  it  crosses  over  to  the  western  fault,  as  its  branch 
had  previously  done,  and,  uniting  with  the  latter,  forms  a  strong, 
rich  vein,  which  continues  undisturbed  to  a  further  depth  of  30 
feet,  Avheu  another  irregularity  breaks  its  continuity. 

Fig.  11. 
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Vein  Changing  from  one  Fault-plane  to  Anotlier. 

Fig.  12  affords  further  evidence.  In  this  case,  as  in  the  last, 
the  vein  is  seen  where  it  is  small  and  poor.  Under  such  con- 
ditions its  structure  is  more  readily  discernible,  because  enrich- 
ment and  enlargement  generally  produce  confused  outlines  and 
are  accompanied  by  a  generous  mineralization,  destructive  of 
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definition.  Hence  the  stopes  most  instructive  to  the  scientific 
investigator  are  least  pleasing  to  the  mine  manager.  In  this 
section  there  are  two  veins,  both  small,  of  which  the  western 
may  be  regarded  as  a  mere  ofl-shoot.     Two  dislocations  and 
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several  minor  disturbances  of  the  country  are  noticeable.  The 
western  quartz-seam  occupies  a  fault  of  a  few  inches,  which  dies 
out  into  a  mere  distortion  of  the  bedding ;  the  larger  vein  is 
identified  with  a  fault  having  a  throw  of  2^  feet.  The  bending 
of  the  edges  of  the  beds  as  they  abut  against  the  vertical  quartz- 
veins  is  very  marked.  Slight  shiftings  along  bedding-planes  are 
indicated  by  the  behavior  of  the  small  stringers  traversing  the 
country. 


Fig.  13. 
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The  veins  are  built  up  of  many-colored  minerals,  which  give 
them  a  rare  beauty,  and  serve  also  to  accentuate  their  structure. 
Rhodochrosite  and  quartz  enclose  the  sulphides  of  zinc,  lead, 
iron,  copper  and  silver  in  the  form  of  galena,  blende,  iron  and 
copper  pyrites,  argentite  and  stephanite.  Native  gold  and 
native  silver  both  occasionally  accompany  the  argentite.  A 
banded-  or  ribbon-structure  is  frequently  brought  about  by  the 
alternation  of  quartz,  rhodochrosite  and  the  sulphides.  This 
structure  assists  the  breaking  of  the  ore,  which  will  often  part 
in  ribbons  within  itself  more  readily  than  it  can  be  detached 
from  the  encasing  country.  Fig.  25  illustrates  a  typical  piece 
of  vein-stone.*  The  gentle  graduation  of  ore  into  country  is 
noteworthy.  The  banding  due  to  the  rhodochrosite  is  a  dis- 
tinguishing feature,  while  the  inclusion  of  portions  of  sand- 
stone and  the  comb-structure  of  the  quartz  are  additional  testi- 
mony as  to  the  origin  of  the  ore,  which  will  be  discussed  under 
another  heading. 

Much  more  might  be  said  concerning  the  behavior  of  these 
veins ;  but  sketches  of  the  actual  occurrences  are  better  than 
verbal  description.  Fig.  13  shows  the  Jumbo  No.  3  lode,  as 
seen  in  the  stopes  of  the  mine.  The  vein  structure  is  illustrated 
for  a  height  of  sixteen  feet.  It  will  be  observed  that  the  vein 
follows  a  line  of  fracture  which  has  faulted  the  country. 
The  vertical  dislocation  measures  2^  feet,  and  is  rendered  eas- 
ily evident  by  the  partings  of  shale  which  separate  alternating 
sandstone  and  hmestone-beds.  Following  the  section  down- 
ward, the  ore  is  about  14  inches  wide  at  the  top,  opposite  A, 
and  is  distinctly  ribboned  with  bands  of  quartz,  rhodochrosite 
and  zinc-blende,  the  last  being  also  mixed  with  galena.  The 
vein  continues  fairly  uniform  for  five  feet,  and  is  then  inter- 
rupted by  a  break  opposite  B,  which  indicates  that  the  country 
has  been  shifted  to  the  right  for  a  distance  of  six  inches.  This 
movement  took  place  at  a  point  where  a  coincidence  occurs  be- 
tween the  partings  between  two  sandstone-beds  on  one  side  and 
lime-sandstone-beds  on  the  other.  Below  this  point  the  vein 
opposite  C  is  less  regular,  and  divides  into  two  branches,  of 
which  the  eastern  carries  all  the  pay  ore,  the  western  being 
merely  rhodochrosite  and  (luurtz.     The  latter,  from  its  compo- 

*  See  this  figure,  and  a  discussion  of  it,  at  page  224  of  the  present  volume,  in 
the  author's  paper  on  "Vein-Walls." 


Fig.   lo. 


Downward  CJontinuation  of  Fig.  15,  Constituting  Section  of  Jumbo 
No.  3  Vein  through  Successive  Stopes. 
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sition  and  structure,  suggested  to  me,  at  the  time,  that  it  was  of 
later  origin  than  the  ore-hearing  vein.  Opposite  D,  four  feet 
helow  the  hist  hreak,  another  occurs,  a  clean  transverse  fracture, 
accompanied  by  scarcely  any  shifting.  This,  too,  is  found 
Avhere  partings  on  opposite  sides  are  so  placed  as  to  very  nearly 
make  a  continuous  plane.  The  vein  has  been  slowly  diminish- 
ing, and  opposite  E  is  only  8  inches  wide.  It  continues  to 
dwindle.  Independent  little  quartz  stringers  to  the  right  sug- 
gest disturbed  ground.  The  vein  decreases  to  a  mere  thread 
and  ends  in  a  soft  shale  parting,  G,  two  inches  wide.  But  other 
more  interesting  features  demand  notice.  The  ore  no  longer 
clings  to  the  left  or  western  side  of  the  fault-fracture,  which  de- 
termined the  original  vein-formation.  Moreover,  its  course 
downward  is  abruptly  terminated.  Several  fragments  of  ore  in 
the  shale  band  lead  naturally  to  the  continuation  of  the  vein, 
discovered  to  be  18  inches  to  the  east.  Here,  opposite  G,  the 
country  has  been  shifted  by  a  movement  equal  to  about  IJ 
feet;  but  the  behavior  of 'the  vein,  especially  the  bending  of 
the  ore  near  the  points  of  fracture,  suggests  that  the  dislocation 
of  the  country  took  place  before  the  vein  was  formed.  The 
broken  fragments  indicate  later  movement  also.  Two  feet 
lower  the  vein  is  fractured  and  slightly  dislocated.  Below  this 
point  the  ore  widens  to  8  inches,  and  so  passes  out  of  view. 

The  conditions  represented  in  Fig.  14  existed  in  the  stopes 
upon  the  same  vein,  about  one  hundred  feet  further  north  on  the 
strike.  It  is  particularly  interesting  as  illustrating  the  changes 
not  only  in  the  vein  but  in  the  individual  members  of  the  series 
of  sandstone,  shale  and  limestone-beds  through  which  the  vein 
passes.  Commencing  at  the  top,  K,  of  the  section,  the  ore  is 
seen  to  be  seven  inches  wide.  About  IJ  feet  lower,  opposite 
L,  there  is  an  incipient  break  in  the  vein,  not  sufficient  to  part 
it.  At  five  feet  from  the  top,  opposite  M,  a  rupture  has  taken 
place,  accompanied  by  only  a  very  slight  displacement.  Eleven 
inches  lower,  opposite  X,  there  is  another  break.  M  and  N  cor- 
respond to  B  in  Fig.  13.  The  ore  here  is  9  to  10  inches  wide. 
The  vein  is  well  defined  and  nearly  vertical.  Opposite  O,  three 
feet  below  N,  there  is  a  more  serious  break.  The  vein  is  dis- 
placed its  OAvn  width,  and  for  a  height  of  six  inches  is  broken 
into  several  definite  fragments.  This  severe  shattering  is  due 
to  the  fact  that,  in  the  absence  of  coincident  partings,  no  clean 
horizontal  shifting  of  the  country  took  place,  but  the  movement 
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became  more  of  a  distortion.  Compare  the  corresponding  break 
in  Fig.  13,  opposite  D.  The  vein  now  decreases,  as  in  Fig.  13, 
and  leav^es,  opposite  P,  the  foot-wall  of  the  main  fault-fracture. 
Opposite  Q  the  ore  is  about  IJ  inches  wide  and  two  partings 
exactly  coincide,  so  that  the  horizontal  shifting  of  the  country 
is  expressed  by  a  clean-cut  fault  in  the  vein  amounting  to  a  dis- 
placement of  IJ  feet.  A  piece  of  ore  occurs  in  the  clay-seam, 
midway  between  the  divided  parts  of  the  vein.  Below  this  the 
ore  increases.  Opposite  R  there  is  an  incipient  fracture,  cor- 
responding to  H  in  Fig.  13.  The  ore  then  widens  steadily,  and, 
as  it  leaves  the  section  at  S,  has  a  width  of  about  one  foot, 
neatly  ribboned.  In  this  section  the  vertical  throw  along  the 
fault-fracture  followed  by  the  vein  is  a  little  less  than  in  Fig. 
13. 

In  Figs.  15  and  16  there  is  a  representation  of  the  same  vein 
as  seen  in  a  series  of  six  stopes  covering  a  vertical  height  of  33 
feet.  These  stopes  were  at  least  two  hundred  feet  north  of  the 
place  illustrated  in  Fig.  14,  but  in  the  same  horizon  of  country- 
rock.  The  lime  and  sandstone  at  the  top  of  Fig.  15  can  be 
identiiied  with  the  beds  P,  Q  and  W  in  Fig.  14,  and  with  Z  and 
U  in  Fig.  13. 

At  the  top  of  Fig.  15,  opposite  A,  the  vein  is  only  5  inches  wide, 
but  is  built  up  of  rich  sulphides,  zinc-blende  and  galena.  A 
little  lower,  opposite  B^  the  ore  leaves  the  foot-wall  of  the  fault- 
fracture  and  then  undergoes  a  dislocation  of  over  two  feet.  This 
movement  along  the  bedding  of  the  country  occurs  where  part- 
ings coincide.  On  the  west  the  plane  of  movement,  C,  is  not 
accompanied  by  much  selvage,  but  eastward  there  is  a  seam  of 
clay  widening  to  3  or  4  inches  in  thickness.  Incidentally  the 
want  of  correspondence  in  the  composition  of  the  country  on 
the  two  sides  of  the  vein  attracts  attention  to  the  fact  that  it 
follows  a  fault-fracture,  the  vertical  throw  of  which  is  three  feet. 
Opposite  D,  one  foot  below  the  break,  C,  the  ore  exhibits  what 
miners  call  a  "  splice,"  that  is,  one  distinct  band  of  ore  thins 
out  and  another  at  the  same  time  commences  to  appear.  The 
vein  opposite  E  is  about  six  inches  wide,  and  rich.  Just  above 
it  Avas  very  poor  and  quartzose.  ISTothing  noteworthy  occurs 
until,  three  feet  lower  (F),  another  splice  is  seen.  The  vein  is 
still  small  but  fairly  rich,  and  continues  thus  very  uniformly  for 
another  five  feet,  when  (G)  several  features  attract  attention. 
The  vein  appears  fractured,  although  not  separated,  and  abuts 
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again^^t  a  dike  of  porphyrite  nearly  one  foot  wide,  which  forms 
the  hanu:iuo--wall  of  the  ore  for  a  distance  of  five  feet  (G,  Fig. 
15,  to  H,  Fig.  16).  When  traced  up  and  down  the  series  of 
stopes  it  Avas  found  to  cease  in  both  directions  and  to  be  there- 
fore an  intruding  tongue.  Its  behavior  is  clearly  shown  in  the 
drawing,  beginning  opposite  X,  Fig.  15,  and  ending  opposite  Y, 
Fig.  16.  It  varies  little  from  a  uniform  width  of  slightly  less  than 
afoot,  except  for  a  short  distance  (II  to  W),  where  it  is  squeezed 
to  a  mere  thread  a  few  inches  wide.  The  porphyrite  is  evi- 
dently very  sensitive  to  the  structure  of  the  country-rock 
into  which  it  has  thrust  itself  Opposite  G  the  ore  is  about  7 
inches  Avide.  It  continues  so  for  four  feet  downward,  when  (K) 
another  splice  occurs  and  the  vein  widens.  For  the  next  six 
feet  the  ore  varies  from  6  to  12  inches,  and  is  then  (L)  slightly 
dislocated.  Below  this  the  vein  widens  steadily  and  develops  a 
beautiful  ribbon-structure,  passing  out  of  the  section  (M)  with  a 
thickness  of  14  inches.  At  the  bottom  of  the  section  an  in- 
structive feature  is  presented.  The  ore-bearing  vein  leaves  the 
main  fault-fracture  (here  shoAvn  by  a  line  to  the  right),  and 
pitches  slightly  to  the  west.  This  is  only  temporary.  Lower 
down,  outside  the  section  here  shown,  it  turns  back  and  resumes 
its  course  along  the  fracture  which  determined  its  existence.  It 
Avill  be  noted  that  the  ore  in  leaving  the  main  fault-line  (about 
opposite  Y),  follows  a  line  of  minor  fracturing  which  shows  a 
slight  but  evident  dislocation  also. 

These  four  sections,  Figs.  13  to  16,  show  how  the  behavior 
of  the  vein  is  determined  by  the  structure  of  the  enclosing 
rock.  The  fracturing  through  the  country,  which  opened  a 
possible  channel  for  the  circulation  of  the  mineral-bearing 
waters,  was  continuous  but  irregular.  The  irregularity  was 
due,  in  the  first  place,  to  the  varying  composition  of  the  beds 
through  Avhich  the  fracture  passed.  That  fracturing  was  ac- 
companied, as  we  have  seen,  by  a  vertical  displacement  of  from 
two  to  three  feet.  The  direction  of  the  throw  is  beautifully 
evidenced  by  the  bent  edges  of  the  partings  in  the  country  on 
either  side;  on  the  hanging,  upAvard ;  on  the  foot-wall,  doAvn- 
ward. 

The  horizontal  shiftings  Avhich  now  break  the  A^ein  occurred 
in  part  before  ore-deposition,  but  mostly  afterward.  The  later 
movements  were  also  the  parents  of  the  quartz-stringers  Avhich 
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now  fringe  the  vein,  as  at  C  and  F  in  Fig.  13,  and  M  and  P 
in  Fig.  14,  They  represent  the  healing-action  of  hiter  solu- 
tions, circulating  along  a  reopening  of  the  old  passage-ways. 

The  three  sections,  Figs.  13, 14  and  15,  illustrating  the  same 
horizon  in  the  country,  at  considerable  distances  apart,  serve  to 
prove  how  individual  members  of  the  sedimentary  series  change 
in  composition.  The  two  beds,  E  and  Z,  both  limestone,  in 
Fig.  13,  become,  in  going  northward,  the  two  beds,  P  and  Q, 
one  limestone  and  one  sandy  lime.  In  Fig.  14  the  relative 
thicknesses  have  changed.  Again,  in  Fig.  15,  the  same  beds, 
now  seen  200  feet  further  north,  are  to  be  identified  in  the 
single  bed  of  limestone  extending  from  A  to  C.  The  under- 
lying  sandstone  also  shows  variations  at  the  ditferent  points. 
It  is  noteworthy,  at  the  same  time,  that  the  vein  acts  much  in 
the  same  way  when  traversing  identical  beds  at  ditl'erent  points. 

The  subsidiary  fracturing,  seen  in  Fig.  15,  to  the  east  of  the 
vein,  between  C  and  G,  is  instructive.  That  this  structure 
usually  accompanies  vein-faulting  I  certainly  believe.  The 
breast  of  a  slope  or  the  face  of  a  drift  rarely  exhibits  it,  because 
mining  does  not  require  that  the  ground  should  be  broken  for 
a  width  necessary  to  make  it  visible.  This  structure,  the  sheet- 
ing of  the  country,  is  very  marked  at  Cripple  Creek,  in  Colo- 
rado, and  is  the  origin  of  parallel  and  multiple  veins. 

Y. — The  Cross-Yetxs. 

These  veins,  although  non-productive,  play  an  important  part 
in  mining  operations,  because  they  dislocate  the  ore-bearing 
"  verticals,"  and  are  themselves  related  to  extensive  ore-bodies 
on  the  contact.  The  picture  they  present  is  that  of  white  bands 
of  crushed  quartz,  cutting  through  everything,  as  distinguished 
from  the  verticals,  which  are  like  pink  ribbons  of  rhodochrosite, 
traversing  the  sedimentaries  with  difficulty  because  of  their 
faulting  by  these  cross-veins. 

The  latter  are  built  upon  fault-lines  marking  movements 
greater  in  extent  than  those  accompanying  the  older,  ore-bearing 
fractures.  They  are  essentially  quartz-veins.  A  variable 
amount  of  crushed  country  accompanies  the  quartz.  Rhodo- 
chrosite   and  valuable*    sulphides  are  notably  absent.     When 


1 


*  Many  assays  were  made  of  the  pyrites  from  cross-veins  encountered  in  cross- 
cuts.    Tiaf-es  of  gold  and  4  to  8  ounces  of  silver  were  about  the  best  results.     Oc- 
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seen,  they  represent  broken  fragments  of  pay-veins  traversed 
by  the  path  of  the  cross-vein,  Next  to  quartz,  iron  iiyrites  is 
tlu'ir  most  characteristic  mineral.  The  pjmte  is  in  a  crumbly, 
easily  disinteg-rated  state,  very  unlike  the  solid  crystalline  con- 
dition in  which  it  appears  amid  the  ore  of  the  verticals.  Some- 
times no  foreign  minerals  are  present  in  notable  quantity,  and 
the  cross-vein  is  simply  a  seam  of  crushed  country,  softening 
into  mud.     This  the  Cornishman  would  call  "  fluccan." 

Fig.  17  represents  a  cross-vein  in  the  breast  of  a  drift  on  the 
Jumbo  No.  3  vein,  which  had  met  the  cross-vein  and  had  been 
faulted  l)y  it.  The  Jumbo  vein  was  intercepted  by  this  drift  8 
feet  further  ahead.  Three  breaks  are  noticeable,  each  marked 
by  faulting.  The  cross-vein  itself  lies  between  two  unlike  beds 
of  lime,  marking  a  fault  which  evidence  elsewhere  along  the 
drift  showed  to  be  6  feet.  The  lime  on  the  foot-wall  is  sepa- 
rated from  a  series  of  thin  beds,  exhibiting  a  good  deal  of 
variety,  by  a  curving  line  of  selvage,  following  a  tault  whose 
throw  is  4  feet.  Then  come  beds  of  shale,  crystalline  lime  and 
sandstone,  traversed  by  a  dislocation  of  10  inches.  In  each  case 
the  down-throw  is  on  the  hanging- wall.  The  cross-vein  is  almost 
vertical  and  carries  fragmentary  rhodochrosite  torn  from  the 
Jumbo  vein. 

Fig.  18  illustrates  another  cross-vein  in  the  act  of  cutting 
through  the  Jumbo  vein.  The  line  of  the  former  is  deflected 
in  breaking  through  the  latter.  To  the  left  the  series  of  beds 
consists  of  blocky  lime,  lime  shale,  broken  lime,  limestone, 
black  shale,  closely  laminated  lime  and  light  gray  sandstone. 
On  the  right  this  series  is  seen  to  be  succeeded  by  beds  of  dark 
sandstone.  The  fault  along  the  cross-vein  is  4|  feet,  olditerating 
the  displacement  which  must  have  accompanied  the  line  of  the 
ore-bearing  vein.  The  latter  is  thrown  its  own  width,  10  inches. 
It  has  been  shattered  by  the  cross-vein,  but  appears  to  have 
been  repaired  and  reconsolidated  (since  its  displacement)  by 

casionally  good  assays  were  ob  ained,  but  the  pieces  from  -which  these  saini)les 
came  were  invariably  marked  by  the  presence  of  fragments  torn  from  the  pay- 
veins.  Nevertheless,  from  a  scientific  st  mdpoint,  pyrite  containing  a  few  ounces 
of  silver  is  as  much  ore  as  blende  or  galena,  carrying  mucii  higher  values.  In  tliis 
connection  it  may  be  added  that  the  pyrite  of  the  verticals  is  not  notably  silver- 
or  gold-bearing  unless  admixed  with  copper  pyrites,  blende  or  galena.  The 
pyrite  and  quartz,  whether  in  the  cross-veins  or  the  vertical^<,  is  not  a  sign  of 
valuable  ore. 
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lioaling  seams  of  quartz,  wliicli  now  ramify  through  the  pre- 
viously broken  rhodochrosite.  This  cross-vein  was  distant  28 
feet  from  the  one  described  above. 

The  comparatively  small  scale  of  the  rock-formation  affords 
many  excellent  illustrations  of  phenomena  usually  requiring 

Fia.  17. 


I  "^vH  LIMESTONE 

„j(l!l5»^ELVAGE 
Crnr^  SANDSTONE 


[YV] QUARTZ 

[3  RHODOCHROSITE 
l:r-^.\  SHALE 
f^l  CRUSHED  COUNTRY 

A  Cross-vein  in  Limestone. 


large  areas  for  their  exemplification.  Some  of  the  dislocations 
are  so  slight  that  they  can  be  seen  to  die  out  in  mere  distortions. 
See  Figs.  19  and  20.  The  former  is  particularly  instructive. 
It  shows  the  sides  of  a  cross-cut  which  joins  the  workings  on 
the  Hiawatha  and  Enterprise  veins.  Near  the  floor  of  the  cross- 
cut there  is  a  fault  of  about  5  inches  which  follows  a  seam  of 
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clay  nearly  1  inch  thick.     This  dislocation  diminishes  upward; 
the  thin  beds  break  less  and  bend  more,  until  finally  the  verti- 


FiG.   IS. 


The  Jumbo,  No.  3,  Vein  Faulted  bv  a  Cross-vein. 


cal  displacement  fades  out  in  horizontal  shifting.     The  latter  is 
clearly  evidenced  by  the  minute  multiple    step-faulting  of  a 
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artz-seaiu  hi  the  shale,  near  the  roof  of  the  cross-cut,  which 

Fig.  20. 


in 


F^  LIMESTONE        |v7^  SANDSTONE        (^^  SHALY-SANDSTONE       ^g)CLAY    . 

Disappearance  of  a  Fault, 
dicates  that  the  flexibility  ot  the  shale  enabled  it  to  resist 
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fracturing  bj  dissipating  the  force  of  the  vertical  movement  in 
a  sliding  of  the  laminjie  over  one  another.  Fig.  20  conveys  the 
same  lesson.  The  three  quartz-seams  here  shown  follow  lines 
of  lessening  vertical  movement;  the  distinct  faulting  of  the 
beds  in  the  lower  part  of  the  section  dwindling  until  in  the 
upper  portion  only  a  slight  distortion  of  the  country  is  to  be 
discerned.  These  examples  illustrate  how  large  faults  may 
gradually  disappear,  and  suggests  why  the  vein-systems  of 
Newman  hill  terminate  in  their  approach  to  the  horizon  known 
as  the  "  contact." 

Fig.  21. 


^^)  LIMESTONE      [^^  SHALE  (         [QUARTZ 

^r'rVjyv;^  SANDSTONE  ^^^^.^SELVAGE 

Faulting  of  Cross-vein  along  Bedding-plane. 

The  cross-veins  are  themselves  displaced  in  some  instances 
by  slight  later  movements  which  have  taken  place  along  the 
bedding-planes  of  the  country,  such  as  indicated  in  Fig.  21, 
where  a  small  south-dipping  cross-vein  is  thrown  5  inches  along 
the  parting  between  beds  of  limestone  and  sandstone. 

The  dislocation  of  the  ore-bearino;  veins  bv  the  cross-veins 
necessitates  the  employment  of  scientific  methods  in  mining. 
The  mine-workings  of  iSTewman  hill  are  needlessly  tortuous  and 
complex,  because  most  of  them  have  been  directed  by  men  blind 
to  the  indications  of  geological  structure.  The  expensive  results 
of  a  bewilderment  due  to  this  cause  are  well  illustrated  in  the 
case  of  the  Hiawatha  vein,  between  raises  No.  9  and  No.  11  on 
the  main  level.  This  particular  instance  is  quoted  because  it 
appears  in  Mr.  J.  B.  Farish's  paper  on  Newman  hill.*     His 

*  Proceedings  of  the  Colorado  Scientific  Society,  \o\.  iv.,  p.  1!9. 


THE    ENTERPRISE    MINE,    RICO,    COLORADO. 


047 


drawing  is  liero  represented  (in  Fig.  22),  together  with  another 
(Fig.  23)  based  on  a  very  close  sifting  of  the  evidence,  accom- 
panied hy  a  eareful  snrvey. 

Referring  to  Fig  22,  I  quote  Mr.  Farish's  description  : 

''It  illustrates  the  occurrence  of  a  fault  in  the  Enterprise  vein  and  the  deflec- 
tion of  tlie  Hiawatha  vein  by  the  same  cross-fissure.  The  break  in  the  iMiter- 
prise  vein  is  seen  to  be  sharp,  while  the  Hiawatha  vein  is  not  faulted,  but  makes 
along  the  cross-vein  for  nearly  100  feet  before  emerging  from  its  walls  and  resum- 
ing the  original  course." 

The  vein  called  the  Enterprise  in  the  above  description  is 
not  the  Enterprise,  but  the  Songbird.     The  former  vein  has 

P'lo.   22. 


Mr.  Farish's  Drawing  of  the  Hiawatha  Vein. 

never  been  found  in  this  particular  part  of  the  mine,  because  it 
breaks  up  into  unimportant  stringers  and  is  not  definitely  re- 
cognized until  nearly  400  feet  further  north.  The  Enteri)rise 
dips  east  slightly,  the  Songbird  dips  west  flatly.  In  their  strike 
northward  the  two  veins  unite. 

The  cross-vein  faults  both.  If  Fig.  22  were  correct  the  for- 
mation of  the  Hiawatha  would  be  later  than  that  of  the  cross- 
vein,  and  the  latter  must  be  later  than  that  of  the  so-called 
Enterprise  vein,  and  the  ore-bearing  veins  would  not  l)e  of  con- 
temporaneous origin.     Such,  however,  are  not  the  facts. 

The  cross-vein  strikes  the  Songbird  almost  at  right  angles 
and  throws  it  to  the  right.  When  it  meets  the  Hiawatha,  it 
throws  that  vein  to  the  left.  The  Hiawatha  and  Songbird  dip 
in  opposite  directions.  Both  faultings  are  in  accord  with 
Carnall  and  Schmidt's  rule.* 


*   In  Fault-Rules,  by  Francis  T.  Freeland,  Trans.,  xxi.,  499. 
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The  representation  (in  Fig.  22)  of  the  Hiawatha  as  following 
the  cross-vein  is,  in  my  jndgnient,  incorrect;  the  error  havin^ 
heen  made  by  mistaking  the  "  drag  "  for  ore  in  place.  The 
same  error  is  repeated  in  another  drawing  (Fig.  24)  by  Mr. 

Fig.  23. 


The  Faulting  of  the  Hiawatha  and  Songbird  Veins  by  a  Cross-vein. 

Farish,*  which  Professor  Kemp  has  perpetuated  in  his  treatise 
on  ore-deposits.f  The  value  of  the  latter  as  a  l)ook  of  refer- 
ence makes  it  imperative  that  the  mistake  should  be  pointed  out. 


*  Pages  1=)8  and  159  of  the  paper  cited. 

t  The  Ore-Deposits  of  the  United  Stales,  by  James  F.  Kenjp,  p.  20. 
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Mr.  Farish  says  that  tlie  oeeurroiicc  reprosented  by  him  in 
Fig.  24  is  an  instance  of  the  "  bend  of  a  vertical  pay-vein  as  it 
approaches  an  intersecting  cross-vein,"  and  also,  that  "  the 
Jumbo  vein,  as  it  approaches  and  departs  from  the  cross-lissure 
is  considerably  disintegrated,  the  numerous  seams  and  stringers 
striking  diagonally  through  the  cross-veins."  Professor  Kemp 
uses  this  drawing  to  exemplify  the  faulting  of  one  vein  by  an- 
other. Mr.  Farish's  description  would  make  it  appear  that  the 
cross-vein  existed  prior  to  the  Jumbo  vein,  and  that  the  latter 
was  bent  by  the  former,  which  it  traversed  in  seams  and 
stringers.  Yet  the  drawing,  even  as  it  is,  represents  no  fault, 
but  merely  the  bending  of  one  vein  by  another,  of  possibly 
contemporaneous  origin. 

The  real  conditions  are  represented  in  Fig.  26^,  which  shows 

Fig.  24. 


•^1 

■      %^ 

Mr.  Farish's  Drawing  of  the  Jumbo  and  a  Cross-vein. 

how  the  cross-vein  faulting  the  Jumbo  carries  shattered  frag- 
ments of  the  latter  between  its  two  dislocated  parts.  The  con- 
fusion caused  by  Mr.  Farish's  attempt  to  distinguish  between 
cross-veins  that  fault  pay-\'eins,  of  necessarily  older  origin,  and 
cross-veins  followed  by  pay-veins,  of  consequently  later  forma- 
tion, is  due,  I  think,,  to  a  failure  to  recognize  a  very  simple 
feature  of  vein-faulting.  I  refer  to  those  fragments  of  the  ore 
of  the  older  vein  which  have  been  broken  ofi'  by  the  fault- 
fissure  and  are  found  scattered  amid  the  newer  filling  of  the 
latter  along  that  part  of  its  course  which  lies  between  the  two 
disrupted  portions  of  the  older  vein.  This  is  the  "  drag," 
wdiicli  is  so  valuable  an  aid  in  mining,  because  it  enables  the 
miner  to  trace  the  direction  of  the  throw. 

The  faulting  of  the  "  verticals  "  by  cross-veins  is  a  prominent 
feature  in  the  Enterprise  mine.  When  half  a  dozen  drifts  were 
running  on  the  several  pay-veins  a  fault  was  encountered  about 
once  per  month.  In  other  words,  the  distance  between  the 
cross-veins  averaged  from  65  to  100  feet.  Failure  to  apply  the 
VOL.  XXVI. — 61 
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elementary  rules  of  faulting  and  to  make  such  observations, 
measurements  and  calculations  as  would  serve  to  identify  a 
cross-vein  as  it  passed  through  the  series  of  nearly  parallel  ver- 
ticals, has  caused  much  unnecessary  expenditure  on  Xewraan 
hill.  More  broken  ends  of  faulted-veins  were  happened  upon 
by  accident  in  "  drifting  "  than  were  discovered  by  intelligent 
search.  The  practical  importance  in  mining  of  the  study  and 
interpretation  of  geological  structure  is  forcibly  emphasized  by 
this  record  of  experience. 

Out  of  over  two  hundred  instances  of  faulting  noted  during 
my  tsvelve  months'  direction  of  the  Enterprise  mine,  I  detected 
only  one  (and  that  an  uncertain)  exception  to  Carnall  and 
Schmidt's  rule,  which  is  stated  by  Mr.  Freeland  as  follows:* 

"If  the  fault  be  encountered  on  its  hanging-wall  side  after  breaking  through  it, 
prospect  toward  the  hanging-Mall  side  of  the  vein  ;  on  the  contrary,  if  fiom  the 
foot- wall  side,  then  prospect  toward  the  foot- wall  side  of  the  vein." 

"  This  rule,"'  as  Mr.  Freeland  says,  "  applies  only  to  normal 
faults,  and  is,  in  addition,  subject  to  an  important  exception. "f 
I  do  not  cite  it  as  the  statement  of  a  universal  law.  In  other 
districts  other  rules  may  be  found  applicable.  Xor  is  it  neces- 
sarily to  be  expected  that  in  any  one  district  a  single  rule  only 
will  obtain.  But  if  in  a  given  locality  the  prevalence  of  a 
given  fault-rule  (expressing  the  habit  of  the  veins  in  that  local- 
ity) can  be  demonstrated,  a  working-h^-pothesis  of  immense 
value  is  thereby  furnished  to  the  miner.  My  remarks  in  this 
connection  are  to  be  taken,  therefore,  as  applicable  only  to  the 
district  here  under  consideration,  or  to  other  districts  in  which 
similar  conditions  may  be  determined  by  experience. 

When  a  cross-vein  intersects  a  pay-vein  at  an  acute  angle  it 
is  practicable  to  follow  the  trail  of  the  latter,  as  evidenced  by 
the  scattered  fragments  constituting  the  "  drag."  When,  how- 
ever, the  faulting  occurs  at  a  large  angle  there  is  less  evidence 
of  the  direction  of  the  throw,  and  a  level  driven  on  the  cross- 

*  Trans.,  xxi.,  499. 

i  "Normal faults"  are  those  in  which  the  rock  forming  tlie  hanging-wall  of  the 
fault  has  moved  downward  along  the  fout-wall  of  the  fault.  1  he  exception  to 
Carnall  and  Schmidt's  rule  mentioned  bv  Mr.  P>eeland  in  the  above  quotation  is 
that  of  an  obtuse  fault-angle.  The  rule  might  be  so  stated  that  this  would  be  no 
exception,  as  the  case  is  simply  one  of  an  acute-angled  fault,  approached  from  the 
other  side. 
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vein  until  it  meets  the  otlier  portion  of  the  disrupted  vertical 
would  involve  turns  too  sharp  for  subsequent  use  in  tramming. 
It  might  thus  be  necessary,  after  finding  the  continuation  of  the 
pay-vein,  to  run  a  new  piece  of  level  for  practical  mining  pur- 
poses.    But  if  the  direction  of  the  throw  be  known  from  pre- 

FiG.  26. 


Faulting  of  the  Jumbo  by  a  Cross-vein. 


vious  experience,  the  heading  can  be  so  turned  as  to  strike  the 
vein  beyond  its  dislocation  by  a  course  of  minimum  deflection, 
making  a  practicable  mine-level. 

AVhen  a  cross-vein  meets  a  vertical  at  a  very  small  angle  a 


Fia.  27. 


Fig.  28. 


Outline  of  Mine  Levels 


AUtAtCIN  BANC  NOTE  CO.H.T. 


A  Vein  Faulted  almost  at  Right  Angles. 


A  Vein  Faulted  at  a  Small  Angle. 


slight  throw,  as  measured  at  right  angles  to  the  strike,  becomes 
sufficient  to  produce  a  wide  separation  between  the  broken 
ends  as  measured  along  the  course  of  the  pay-vein.  In  such 
cases  it  is  easy  for  the  unobservant  miner  to  be  misled  by  the 
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unapparent  deviation  in  his   level  and  to  mistake  a  cross- 
carrying  fragments  of  lode-matter  for  the  pay-vein  itself, 
the  diagrammatic  sketches  in  Figs.  27  and  28.) 


vein 
(See 


Fin.  29. 
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LIMESTONE 
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QUARTZ 


pC^^y'.M  DISORDERED  LIME  j^.fl-Vr'/i-    SOFT  CRUSHED  LIME 

Cross-vein  as  seen  in  the  Breast  of  a  Drift  on  Jumbo  No.  2. 

The  rhodochrosite  is  a  great  aid  in  tracing  the  ore-bearing 
veins  hecause  its  bright  color  renders  it  readily  distinguishable 
amid  the  white  quartz  or  the  dark  shattered  country  of  the 
cross-veins,  and  Its  absence  distinguishes  the  latter  just  as  its 
presence  characterizes  the  pay-veins. 
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Figs.  29,  30  ami  31  illustrate  the  behavior  of  two  cross-veins, 
encountered  in  following-  the  Jumbo  ^o.  2  lode.  Fig.  29  shows 
the  cross-vein  in  the  breast  of  the  level.     It  consists  of  2  to  3 


Fig.  30. 
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Two  Cross-veins  Approaching  Each  Other. 


feet  of  crushed  country,  enclosing  stringers  of  quartz.  There 
is  a  fault,  but  its  extent  cannot  be  determined.  The  wedge  of 
sandstone  observable  near  the  floor  of  the  drift  marks  the  be- 
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gimiings  of  a  separation  which  Fig.  30  shows  to  be  the  depar- 
ture of  one   of  two   consolidated   cross-veins.       One   of  these 

Fig.  33. 
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BREAST  OF  CROSSCUT  WEST  OF  ENTERPRISE  LEVEL,  APRIL  10th.  1894 

began  at  this  time  to  exhibit  pieces  of  rhodochrosite,  which 
soon  afterwards  led  to  the  finding  of  the  vein.  Fig.  31  illus- 
trates another  cross-vein.  The  structure  is  complicated.  The 
narrow  seam,  A  A,  and   its  enclosing  vein-tilling  have  been 


THE    ENTERPRISE    MINE,    RICO,    COLORADO. 
Fig.  34. 


957 


Scale,  ^  in. =1  ft, 


^DSTONE  f'^i  /"^j  LIMESTONE  | 

RHODOCHROSITE  ^3  QUARTZ  tm\m'\  BLENDE 

KITCHEN  VEIN 


ERICAN  BANK  MOTE  CO.N.V. 


I  LIME  SHALE 
^^g CRUSHED  ROCK 


958  THE    ENTERPRISE    MINE,    RICO,    COLORADO. 

faulted  along  a  bedding  plane,  B  13,  and  subsequently  a  move- 
ment along  the  hanging-wall  of  the  cross-vein  has  led  to  another 
dislocation,  a  down-throw  of  the  country  and  a  distortion  of 
the  former  line  of  movement.  It  is  interesting  to  note  that  the 
secondary  companion  cross-vein  thus  formed  consists  of  crushed 
sandstone,  D,  in  the  upper  part  of  the  section,  and  of  black 
lime,  E,  which  has  been  crushed  into  clay,  in  the  lower  part. 
This  change  corresponds  with  the  alternation  of  rock  in  the 
enclosing  country. 

Fig.  33  illustrates  a  fine  example  of  double  faulting.  The 
steep  cross-vein  has  caused  a  displacement  of  a  little  over  2 
feet,  which  is  very  clearly  marked  by  the  dark  band  of  sand- 
stone. Subsequently  a  shifting  along  bedding-plane  has  faulted 
the  cross-vein  about  20  inches. 

Fig.  34  is  a  section  of  the  Kitchen-vein,  as  seen  in  the  face  of 
a  south  drift.  This  vein  dips  westward.  The  example  is  of 
value  because  of  the  inclusion  of  fragments  of  country-rock. 
Of  these,  some  (CC)  are  sandstone  and  others  (DD)  lime. 
Their  distribution  corresponds  with  that  of  the  rocks  on  the 
foot-wall,  and  suggests  that  they  were  torn  off  the  enclosing 
country.  The  mineralization  of  the  rock  and  the  substitution 
of  ore  is  suggested  by  the  fact  that  each  of  these  included  pieces 
has  a  well-marked  rim  of  rhodochrosite.  On  the  hanging-wall 
there  is  no  parting  from  the  country ;  on  the  foot-wall  the  ore 
is  readily  detached,  because  of  the  existence  of  a  continuous 
selvage  of  black  mud.  Ribboning,  due  to  alternations  of  quartz, 
rhodochrosite  and  blende,  is  well  marked  in  the  ujtper  hanging- 
wall  portion  of  the  section.  This  vein  follows  a  fault-fracture, 
the  throw  of  which  exceeds  5  feet,  an  amount  unusual  to  the 
pay-veins  of  the  Enterprise  mine. 

The  occurrence  of  dikes  and  tongues  of  porphyrite  has  been 
noted  incidentally.  The  deep  shafts  and  bore-holes  have  en- 
countered large  thicknesses  of  it  among  the  sedimentary  rocks 
underlying  the  horizon  of  the  existing  mine-workings.  The 
sedimentaries  have  been  found  hardened  and  otherwise  affected 
in  the  vicinity  of  the  eruptive  rock,  so  that  sandstone  appears 
as  quartzite  and  limestone  is  converted  into  marble.  Wluit  the 
real  character  of  this  body  of  porphyrite  may  be  cannot  be  de- 
termined from  the  evidence  at  my  disposal.  The  more  general 
observations  of  the  gentlemen  of  the  Geological  Survey  will 
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doubtless  tlirow  much  light  ou  the  matter.  To  the  miuiug  eu- 
giueer  oue  fact  stauds  out  very  prominently,  that  whether  in 
their  strike  northward,  approaching  the  porphyrite  of  Silver 


Fig.  35. 
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creek,  or  in  their  extension  downward,  toward  the  lower-lying 
body  of  that  rock,  the  veins  become  impoverished  of  pay-ore. 
In  view  of  the  general  recognition  of  the  beneficent  association 
of  veins  with  eruptive  rocks,  this  is  very  instructive.  The  ex- 
planation suggests  itself  that  though  the  shattering  of  the 
country  accompanying  the  intrusion  of  the  porphyrite  aided 
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vein-formation,  because  of  the  passageways  thereby  developed 
for  the  circulation  of  underground  waters,  yet  at  the  same 
time  the  immediate  neighborhood  of  hot  masses  of  eruptive 
material  did  not  favor  the  precipitation  of  ore,  and  that  the 
best  deposition  took  place  at  such  a  distance  as  permitted  the 
cooling  of  the  waters  and  the  consequent  laying  down  of  the 
metals  they  carried  in  solution. 

The  veins  penetrate  the  porphyry.  The  contact  in  many 
places  carries  fragments  of  porphyry.  These  facts  prove,  as 
would  be  readily  surmised,  that  vein-formation  succeeded  the 
intrusion  of  the  porphyry. 

In  the  stopes  irregular  tongues  of  porphyrite  were  occasion- 
ally observable.  As  they  only  followed  the  vein  for  a  short 
distance  in  its  strike  and  dip,  it  w^as  not  possible  to  find  out 
much  about  them.  Such  occurrences  are  seen  in  Figs.  5,  15 
and  16.  Fig.  32  is  a  drawing,  which  I  made  with  particular 
care,  showing  how  a  dike  is  shattered  at  the  contact.  The 
porphyrite  is  14  inches  wide.  Along  the  parting  AB  it  is 
fractured,  and  a  clay  selvage  across  it  suggests  later  movement 
(in  the  direction  of  the  strike,  so  that  the  cross-section  does 
not  show  it).  At  the  level  of  CD  the  dike  is  smashed  to  pieces. 
A  disturbance  along  the  contact  has  shifted  some  of  the  frag- 
ments. The  regular  passage  of  the  dike  upward  has  been  in- 
terfered with  at  the  contact,  and,  previous  to  the  shattering,  it 
seems  to  have  divided  into  branches,  of  which  three  (termina- 
ting in  the  sketch  at  E,  F  and  G)  still  survive.  The  contact  itself, 
here  marked  by  a  thickness  of  nearly  5  feet  of  crushed  shale, 
crushed  sandstone  and  lime,  contains  numerous  fragments  of 
porphyrite.  Apart  from  its  bearing  on  the  origin  of  the  dikes, 
this  drawing  illustrates  how  the  contact  barred  the  progress 
upward  of  Assuring  of  every  kind. 

VI. — The  Contact. 

As  the  ore-bearing  veins  are  followed  by  the  mine-workings* 
they  are  found  to   split  up,  weaken  and  become  impoverished 

*  Entrance  to  the  mines  is  made  through  long  adits  wliich  aim  to  cut  the  veins 
at  a  depth  of  50  to  100  feet  below  tlie  contact.  Hence  the  regular  vein-structure 
is  first  seen,  and  the  other  complications  come  under  notice  as  the  stopes  and  raises 
are  ascended.     This  order  has  been  observed  in  describing  them  here. 
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at  a  certain  horizon,  lying  from  5  to  20  feet  below  a  zone  of 
crushed  rock,  in  which  are  enclosed  ore-bodies  richer  than  those 
of  the  veins  themselves.  It  is  rarely  that  even  diminished  seams 
of  ore  survive  so  as  to  connect  with  the  ore  on  this  contact. 
Ordinarily  the  highest  stope  on  the  "  vertical  "  is  separated  from 
the  nearest  stope  on  the  "  contact "  by  a  few  feet  of  black  shale 

Fig.  36. 
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and  lime,  containing,  at  best,  only  scattered  remnants  of  the 
vein.  Figs.  36  and  37  give  simple  examples.  Occasional  sec- 
tions show  no  connection  between  the  vertical  and  the  contact 
overhead.  Such  small  quartz  or  rhodochrosite  threads  as  do 
occur  have  no  continuity. 

The  cross-veins  behave  in  relation  to  this  contact  in  a  man- 
ner very  similar  to  the  pay-veins.  Since  they  are  barren  of  ore, 
there  are  no  workings  which  follow  the  cross-veins  in  their 
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immediate  approacli  to  tlie  contact,  but  there  is  scattered  evi- 
dence* sufficient  to  contirni  this  statement.  There  is,  how- 
ever, a  notable  difference  between  the  behavior  of  the  two 
systems  of  vein  Assuring  when  they  reach  the  contact.  The 
economically  important  observation  has  been  made  that  the 
cross-veins  are  less  regularly  topped  by  ore-bodies  along  the 

Fig.  37. 
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contact;  but,  on  the  other  hand,  such  ore-bodies  as  have  been 
found  over  cross-veins  have  been  usually  larger  and  certainly 
richer  than  those  apparently  related  to  underlying  verticals. 

The  dislocating  influence  of  the  pay-veins  appears  to  die  out 
in  its  approach  to  the  contact-zone,  so  that  the  latter  undergoes 
a  mere  undulation  or  roll  along  its  bedding-planes.  At  the 
same  time  the  pay-veins  become  unrecognizable,  even  as  minute 

*  Obtained  from  slopes  under  the  contact,  in  places  where  a  cross-vein  happens 
to  cut  a  vertical  as  it  is  dying  out. 
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seams  or  partings,  in  the  rocks  above  the  contact.  In  the  case 
of  the  cross-veins,  however,  a  more  serious  disturbance  of  the 
contact-zone  is  indicated  by  violent  bends  and  occasional  step- 
fiiults.  The  cross-vein  itself,  though  it  does  not  reappear  above 
the  contact  as  a  strong  quartz-seam,  is  yet  represented  by  a 
well-developed  division  in  the  country  accompanied  by  selvage. 
Fig.  38  represents  a  section  along  the  contact,  where  it  is  dis- 
located by  a  cross-vein.  The  latter,  A  B,  splits  at  the  contact, 
both  branches,  B  C  and  B  B,  following  fault-lines.  The  ore  of 
the  contact,  which  is  here  related  to  the  Jumbo  No.  2  vein, 
consists  of  low-grade  quartz  from  a  couple  of  inches  to  more 
than  a  foot  in  thickness,  overlain  by  a  thin  bed  of  black  shale 
and  underlain  by  limestone.  Above  the  shale  is  a  bed  of  brec- 
cia, about  2  feet  thick,  composed  of  fragments  of  limestone, 
with  occasional  pieces  of  porphyrite  and  shale.  It  will  be 
noticed  how  the  quartz-ore  follows  the  bedding  and  the  con- 
necting fault-fissures. 

When  the  contact  was  first  penetrated  by  the  shafts  sunk 
from  the  surface  (through  the  drift  covering  the  sandstones  and 
limestones  Avhich  contain  the  ore-deposits)  it  was  supposed  to  be 
a  "  flat  vein."  When  later  developments  proved  it  to  conform  to 
the  bedding  of  the  country,  it  became  recognized  as  distinct 
from  the  other  vein-systems  which  cut  the  bedding  at  a  right 
angle.  Hence  grew  the  idea  that  there  existed  here  a  lime- 
stone-shale contact  similar  to  that  of  Aspen  and  resembling 
the  ore-bearing  zones  in  the  Carboniferous  blue  lime  of  Lead- 
ville.  More  extensive  exploration  dissipated  the  hope  of  a  con- 
tinuous ore-bed,  but  although  the  occurrence  of  narrow  chan- 
nels of  rich  mineral,  ramifying  through  the  brecciated  beds  of 
the  contact,  was  demonstrated,  it  was  not  at  first  seen  how 
clearly  these  corresponded  with  the  strike  of  the  two  vein- 
systems,  the  upward  course  of  which  was  terminated  by  the 
contact.  The  recognition  of  this  relationship  Avas  a  key  un- 
ravelling many  perplexities,  and  a  light  to  the  intelligent  ex- 
ploration of  a  territory  of  complex  geological  structure. 

The  contact  is  not,  as  the  term  might  imply,  a  continuous 
plane  of  division  between  two  rock  formations,  nor  does  it  mark 
the  parting  between  the  two  adjoining  beds  of  ore  formation. 
The  accounts  which  have  been  given  of  a  "  contact-limestone," 
overlain  by  a  "  drab  shale  "  and  underlain  by  a  "  finely  lamina- 
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ted  shale,"*  may  describe  certain  sections  of  this  ore-bearing 
horizon,  but  they  do  not  characterize  it  as  a  whole,  and  they 


Fig.  3'J. 
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give  a  misleading  idea  of  its  real  nature.     In  the  three  sections 
already  given,  in  Figs.  36,  37  and  38,  the  contact  is  found  re- 


*  J.  B.  Farish.  "On  the  Ore-Deposits  of  Newman  Hill."     Proceedings  Colorado 
Scientific  Society,  vol.  iv.,  and  James  F.  Kemp,  Ore-Deposits  of  tlie  United  States. 
VOL.  XXVI. — 62 
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spectively  in  a  crystalline  lime,  overlain  by  black  shale  and  un- 
derlain by  sandstone ;  in  a  lime-breccia,  overlain  by  sandstone 
and  underlain  by  a  gray  limestone  ;  and  in  the  third  instance 


Fig.  40. 


Sandstone 


Black  Selvage 
Face  of  a  Store  on  the  Contact 

in  a  mass  of  crushed  quartzose  lime,  covered  by  black  shale 
and  overlying  a  blocky  limestone.  Additional  sections  are  now 
given  in  Figs.  39,  40  and  41.  In  the  first  of  these  we  see  the 
stringers  thrown  out  by  the  Enterprise  vein  as  it  nears  the  con- 
tact, which  in  this  case  consists  of  brecciatcd  lime,  enclosing  a 
low-grade  quartz  ore.     In  Fig.  41  another  similar  example  is 
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^ivcn.  Ill  Fig.  40  the  contact-ore  lies  at  the  base  of  a  bed  of 
o;ypsum,  which  in  turn  overlies  limestone,  penetrated  by  string- 
ers, which  come  from  the  Jumbo  No.  3  vein  below. 

The  ore  of  the  contact  cannot  be  said  to  be  confined  to  any 


'■■«^'^^ 


particular  encasement;  but  one  may  venture  the  generalization 
that  it  is  to  be  sought  for  in  a  layer  of  crushed  rock,  which 
occurs  along  a  certain  horizon  marked  by  a  thinly-bedded  series 
of  black  limestones  and  shales.  The  parts  of  the  contact  ex- 
plored during  my  period  of  management  were  very  frequently 
characterized  by  a  distinct  breccia  made  up  principally,  but  not 
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solely,  of  lime-fragments.  Pieces  of  shale  and  sandstone  were 
recognizable  as  derived  from  adjacent  beds;  and  fragments  of 
porphyrite  were  traceable  to  neighboring  intrusions  of  that  rock. 
The  contact  above  the  Jumbo  No.  2  frequently  consisted  of 
compact,  pulverulent  lime,  graduating  into  breccia  overhead  and 
underlain  by  blocky  lime ;  that  above  the  Enterprise  was  often 
breccia,  shading  off  into  blocky  lime  overhead,  and  underlain 

Fig.  42. 


O  ' 


a,     Breccia; 


b.     Crusted  Lime  and  Quartz;  c,       Ume;  d,      Laminated  Lime; 

e,       Sandstone;  /,      Bloclij'  Lime. 

A  Barren  Contact. 


by  black  shale ;  while  the  ore  of  the  Jumbo  No,  3  contact  was 
found  between  a  powdery  brown  lime  and  a  thin  bed  of  black 
shale.  The  variability  of  the  stratigraphical  position  of  the  ore, 
thus  emphasized,  is  due  to  the  non-persistence  of  individual 
beds. 

Except  when  it  tops  the  veins,  the  contact  is  barren.  Fig. 
42  illustrates  the  face  of  a  cross-drift  on  the  contact  where  no 
veins  have  enriched  it.  In  Fig.  43  an  intrusion  of  porphyrite 
is  shown.  The  pulverulent  lime  indicates  crushing,  probably 
accompanying  the  invasion  of  the  porphj^ite. 

The  crystalline  limestone  of  many  sections  is  doubtless  breccia 
consolidated  by  pressure  and  cemented  by  the  underground 
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waters  which  have  lined  the  cavities  with  crystals  of  calcite. 
The  gypsum  bed  to  be  seen  in  the  southwestern  part  of  the 

Fig.  43. 
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mine  affords  a  parallel  instance.  A  section  is  given  in  Fio-. 
40.  The  vein  whose  shattered  termination  is  to  be  seen  below 
the  ore  of  the  contact  is  the  Jumbo  No.  3.     The  gji^sum  thins 
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out  and  is  a  local  occurrence  having  a  maximum  thickness  of 
15  feet.  Its  wavy,  compact  texture  suggests  an  origin  by  a  sul- 
phatization  of  lime-breccia  through  the  agency  of  solutions  com- 
ing from  neighboring  ore-bearing  measures.* 

The  foregoing  general  description  will  assist  the  reader's  un- 
derstanding of  Fig.  C,  which  represents  a  part  of  the  workings 
on  the  main  (also  called  the  Enterprise)  level,  98  feet  above  the 
Group  tunnel.  It  covers  an  area  about  1800  feet  long  by  350 
feet  wide,  and  was  chosen  for  especial  examination  and  study 
because  the  developments  are  more  complete  than  in  any  other 
part  of  Newman  hill,  while  at  the  same  time  they  present  feat- 
ures sufficiently  typical  of  the  ore-occurrence  over  the  whole 
territory  covered  by  the  mine  maps. 

The  levels  are  seen  to  follow  three  veins,  the  Enterprise,  Song- 
bird and  Hiawatha,  the  dip  of  which  is  indicated  by  the  arrows. 
Commencing  at  the  crosscut  from  the  Enterprise  shaft  the  En- 
terprise vein  is  followed  without  difficulty  as  far  as  Raise  6,t 
where  the  vein  dies  out  in  weak  stringers.  Up  to  this  point 
the  stopes  extend  to  the  contact;  but  to  the  northward,  stoping 
ceases  on  this  vein.  The  vein  which  the  level  followed  further 
on,  from  R8S,  was  once  considered  the  Enterprise  because  of 
imperfect  observation  of  the  facts.  So  also  the  vein  followed 
by  the  level  further  north  still,  from  R15E  to  R18E,  is  called 
the  Enterprise.  It  is  a  branch  vein,  a  subordinate  member  of 
the  series  of  many  disclosed  in  the  mine. 

There  is  too  frequent  a  tendency  in  mining  to  look  upon 
veins  as  necessarily  continuous,  and  to  make  the  nomenclature 
correspond  to  the  drifts.  In  this  case,  a  level  follows  three  dis- 
tinct veins  in  difl'erent  parts  of  its  length.  The  crosscut  be- 
tween R7JE  and  R8S  was  put  out  to  search  for  the  Enterprise 
vein  in  case  it  had  been  faulted  by  the  two  cross-veins,  G  and 
H.  It  proved  that  this  particular  vein  had  ceased ;  but  it  led 
to  the  discovery  of  the  Kitchen  lode. 

The  numerous  cross-veins  are  mapped,  and  their  dislocating 
influence  on  the  pay-veins  is  easily  discernible. 


*  A  large  body  of  gypsum  also  occurs  along  the  contact  in  the  Vestal  workings 
of  the  Rico-Aspen  mine. 

t  The  raises  are  numbered  and  initialed,  so  that  R(5E  means  Raise  No.  6  on  the 
Enterprise,  RICH,  Raise  No.  10  on  the  Iliawatlia,  etc. 
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Rotnrniiig  to  the  crosscut  from  the  Enterprise  shaft,  wo  will 
follow  the  Songbird,  which  there  a2»pecirs  as  a  small  vein  having 


a  slight  easterly  dip.     Going  northward  (to  the  right),  the  level 
shows  it  to  flatten.     The  next  time  it  is  seen,  560  feet  further 
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north,  it  has  changed  its  dip  strongly  westward.  The  cross- 
veins,  G  and  H,  fault  it,  and  it  appears  in  the  Enterprise  drift 
at  R8S.  The  cross-vein  K  throws  it  19  feet  eastward,  and  it 
is  then  seen  at  intervals  in  cross-cuts  and  raises  until,  hcyond 
E17E,  at  the  crosscut  to  the  Laura  shaft,  it  merges  with  the 
branch-vein,  sometimes  labelled  the  Enterprise.  The  Hiawatha 
is  disturbed  by  the  same  series  of  cross-veins,  and  in  one  case 
suiters  a  very  serious  dislocation,  namely,  between  R9II  and 
EllH,  as  already  described  in  the  discussion  of  Fig.  23. 

These  veins  were  followed  by  raises  and  stopes  to  the  contact 
overhead,  and  upon  the  contact  ore-bodies  were  found  having  a 
narrow  width  and  courses  corresponding  to  the  strike  not  only 
of  the  pay-veins,  but  also  of  the  cross-veins.  Thus  both  series 
of  veins,  older  and  younger,  rich  and  poor,  are  topped  by  ))ands 
of  ore  distributed  along  this  horizon,  so  as  to  make  a  network 
the  intricacy  of  which  for  a  long  time  obscured  its  real  charac- 
ter. The  map  exhibits  the  contact  ore-bodies  and  proves  very 
clearly  their  connection  with  the  two  series  of  veins.  The  two 
sections,  along  XY  and  PQ,  will  further  help  to  explain  this. 

Thus  it  became  evident,  after  careful  surveys  and  the  pro- 
jecting of  the  dip  of  the  veins  to  their  intersection  with  the  con- 
tact, that  no  ore  occurred  upon  that  contact  which  was  not  re- 
lated to  the  underlying  veins,  and  that  the  latter,  conversely, 
were  always  topped  by  ore,  although  that  ore  was  not  necessa- 
rily always  wide  enough  and  rich  enough  to  exploit. 

The  geological  relationship  was  abundantly  proved ;  and 
when  the  writer  prepared  this  map  by  first  putting  the  veins  as 
the  surveys  had  traced  them,  and  then  platting  the  ore-bodies 
of  the  contact  as  the  stopes  had  exposed  them,  it  was  very  re- 
markable to  discover  how  the  latter  corresponded  with  the  pro- 
jections of  the  former. 

Fig.  D  is  a  longitudinal  section  along  one  of  the  pay-veins, 
showing  how  the  ore  ceases  at  the  contact,  and  how  the  stopes 
extend  only  a  short  depth  below. 

Fig.  E  is  a  section  along  the  Group  tunnel,  aftbrding  an  illus- 
tration of  the  series  of  pay -veins  and  their  relation  to  the  con- 
tact. 

VII. — Origin  of  the  Ore-Deposits. 

The  structure  and  composition  of  the  ore-deposits  of  New- 
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man  hill  otter  suggestions  of  their  origin.  Reference  has 
already  been  made  to  the  slow  recognition  of  their  true  rela- 
tions which  came  in  the  wake  of  extended  mine-exploration. 
When  the  connection  between  the  flat  ore-bodies  of  the  contact 
and  those  of  the  vertical  veins  underneath  them  was  first  traced, 
there  arose  the  idea  that  the  ore  of  the  former  had  "  spilled 
over  "  into  the  latter  ;  in  other  words,  the  theory  of  descending 
solutions  was  advocated.  Such  ideas  were  expressed  by  some 
of  the  experts  who  testified  during  the  long  litigation  between 
the  Enterprise  and  Rico-Aspen  companies.  All  the  available 
evidence  on  the  subject,  however,  both  geological  and  chemical, 
is  opposed  to  this  view. 

The  rocks  enclosing  the  ore-deposits  have  undergone  suc- 
cessive rupturing,  resulting  in  the  creation  of  a  series  of  frac- 
tures which  have  served  as  water-ways  available  for  the  circu- 
lation of  mineral-bearing  solutions.  The  fact  that  the  ore-bearing 
verticals  penetrate  the  porphyry,  and  the  shattered  condition  of 
the  latter  along  the  horizon  of  the  contact,  prove  that  its  intru- 
sion among  the  sedimentary  rocks  preceded  the  formation  of 
the  ore-bearing  fissures.  The  crossings  of  the  later  systems  of 
fissuring  establish  their  relative  age.  Thus,  then,  we  have  evi- 
dence that  a  condition  of  strain  culminated  in  a  multiple  frac- 
turing of  the  Carboniferous  rocks,  and  the  formation  of  certain 
of  these  fractures  was  accompanied  -pari  passu  by  the  slow  up- 
welling  of  mobile  igneous  matter  which,  when  cooled  and 
solidified,  became  the  porphyrite  of  to-day.  Outside  the  area  of 
the  mine-workings  large  faults  and  enormous  intrusions  of  por- 
phyrite did  occur,  but  within  the  region  of  ore-deposition  the 
forces  at  work  produced  a  system  of  small  multiple  fractures 
and  did  not  permit  the  invasion  of  large  masses  of  porphyry. 
These  results  are  vaguely  ascribed  to  a  condition  of  strain,  and 
the  analogy  of  other  better  known  regions  permits  us  to 
ascribe  this  strain  to  a  local  manifestation  of  that  wider  phe- 
nomenon called  the  continental  uplift,  itself  a  part  of  the  read- 
justment of  the  earth's  exterior  to  a  shrinking  interior. 

During  the  next  disturbance  of  equilibrium,  a  disturbance 
probably  due  to  the  contraction  following  upon  the  cooling  of 
the  included  masses  of  porphyrite,  a  set  of  new  fractures  was 
formed,  and  along  these  underground  waters  began  to  move. 
When  the}'  had  precipitated  valuable  ores  along  their  channels 
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of  circLilatioii,  later  movements  produced  a  series  of  cross-frac- 
tures which  faulted  them.  Minor  shiftings,  which  have  super- 
vened at  various  more  recent  times,  have  caused  displacements 
along  the  hedding,  affecting  both  of  the  older  vein-systems. 

The  contact-zone  has  been  the  victim  of  all  these  disturbances. 
This  is  to  be  ascribed  directly  to  its  structure.  A  thickness  of 
closely-laminated  shales  is  laid  upon  blocky  limestones  and 
sandstones.  To  the  formation  of  a  fracture  the  latter  rocks 
would  offer  no  particular  obstacle,  because  of  their  homogeneity ; 
but  the  upward  extension  of  a  fracture  would  be  impeded,  if 
not  stopped,  by  meeting  a  series  of  beds  which,  on  account  of 
their  laminated  structure,  are  easy  to  bend,  but  hard  to  break. 
There  is  nothing  fanciful  in  this  reasoning.  The  section  given 
in  Fig.  19  afibrds  an  illustration  exactly  in  point.  Thus,  it 
seems  to  me,  the  structure  of  the  rocks  of  the  horizon  now 
known  as  the  "  contact,"  was  the  immediate  cause  of  the  re- 
peated shattering  which  that  horizon  underwent ;  it  was  the  fac- 
tor which  stopped  the  upward  extension  of  the  vein-fractures 
and  produced  the  consequent  limitation  to  the  circulation  of  those 
mineral  solutions  which  were  the  immediate  agents  of  ore-de- 
position. Thus  is  explained  the  concentration  of  large  masses 
of  ore  along  this  zone,  because  it  became  a  dam,  checking  the 
circulation  in  an  upward  direction.  The  fractures  now  followed 
by  the  pay-veins  were  unable  to  break  through  the  shales  above 
the  contact,  and  though  the  later  cross-veins  were  stronger, 
they  too  were  stopped  by  the  elasticity  of  these  closely-laminated 
beds. 

In  each  case,  therefore,  the  force  of  vertical  fracturing  was 
diverted  into  a  horizontal  displacement  which  soon  made  the 
zone  under  the  shales  a  mass  of  shattered  rock,  peculiarly 
adapted  to  become  the  place  of  ore-deposition. 

The  ore  is  confined  to  the  pay-veins  for  a  depth  of  100  to  175 
feet  below  the  contact.  It  does  not  occur  in  the  cross-veins,  but 
is  found  in  the  contact  immediately  above  them,  as  above  the 
pay-veins.  This  distribution  cannot  be  satisfactorily  explained 
with  positive  certainty.  There  are  so  many  conditions  deter- 
mining the  character  of  an  ore-deposit,  and  ordinary  mine- 
exploration,  being  a  commercial  enterprise  and  not  a  scientific 
inquiry,  reveals  so  few  of  them,  that  the  geologist,  though  aided 
by  the  chemist,  is  often  at  a  loss.     Yet,  in  this  case,  the  avail- 
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able  evidence,  though  in  many  ways  inconclusive,  is  highly 
suggestive; 

The  ore-bodies  of  the  contact  apparently  owe  their  existence 
to  a  coml)ination  of  chemical  and  physical  conditions.  The 
ending  of  the  vein-fractures  at  the  contact-horizon  put  a  stop  to 
the  upward  tlow  of  the  metal-bearing  solutions,  and  caused  them 
to  permeate  the  shattered  rock  and  distrilnite  themselves  along 
the  strike  of  the  veins  which  had  been  their  passage-way.  At 
the  contact  they  found  the  chemical  precipitant  which  com- 
pelled the  dissolved  metals  to  separate  out  as  aggregates  of  ore. 
That  precipitant  was  probably  the  graphite  of  the  black  shales, 
as  is  indicated  by  actual  experiments  presently  to  be  described. 

The  non-persistence  of  the  ore  of  the  pay-veins  below  a  cer- 
tain distance  from  the  contact  is  apparently  connected  with  the 
circumstance  that  the  sedimentary  rocks  immediately  below  the 
contact  are  black,  by  reason  of  the  carbonaceous  residues  of  the 
vegetation  imbedded  amid  the  sand  and  mud  on  the  floor  of  an 
estuary  of  the  Carboniferous  period.  This  carbonaceous  matter 
probably  acted  as  a  precipitant  of  the  metal-bearing  solutions. 
As  the  depth  below  the  contact  increases,  the  rocks  lose  their 
blackness,  and  presumably,  therefore,  contain  no  precipitant 
carbon. 

Although  the  pay-ore  terminates  at  a  depth  fairly  uniform 
among  the  ditierent  veins,  it  must  not  be  supposed  that  the 
veins  themselves  cease  at  this  horizon.  On  the  contrary,  the 
fractures  maintain  their  course  to  depths  far  beyond  the  deepest 
mine-workings;  but  they  become  barren  of  valuable  ore,  en- 
closing nothing  but  quartz  and  crushed  country.  The  rhodo- 
chrosite  ceases.  The  Lexington  tunnel,  for  example,  cuts 
through  the  lodes  which  have  yielded  so  richly  in  the  Enter- 
prise workings,  400  feet  overhead,  and  discloses  them  as  veins 
of  white  quartz,  traversing  light  gray,  coarse-grained  sandstone. 
Both  lode  and  country-rock  have  changed  in  character  entirely. 

The  fact  that  the  cross-veins  are  barren,  and  yet  rich  ore- 
bodies  overlie  them  in  the  contact-zone,  indicates  that  such 
Ijodies  are  due  to  special  shattering  of  the  ground  by  the  cross- 
veins,  which  has  furnished  favorable  places  for  ore-deposition. 
Moreover,  barren  as  the  cross-veins  are,  they  appear  to  influ- 
ence the  richness  of  the  pay-veins.  It  is  common  to  find  ores 
of  more  than  average  grade  in  the  pay-veins,  where  they  are 
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broken  by  the  cross-veins.  But  the  mineral  sokitions  appa- 
rently did  not  rise  through  the  cross-veins.  They  must  have 
circulated  along  the  verticals ;  and  the  deposition  of  ore  in  con- 
nection with  the  cross-veins,  as  noted,  may  have  been  not  only 
a  collateral,  but  even  a  secondary  process.  The  superior  rich- 
ness of  these  bodies  in  many  cases  may  indicate  that  they  have 
resulted  from  a  re-solution  and  re-deposition  of  the  contents  of 
the  verticals. 

The  idea  of  the  precipitation  of  the  ore  through  the  agency 
of  carbonaceous  matter  has  been  advanced  in  connection  with 
ore-deposits  in  other  regions.  I  may  quote  as  instances  the 
black  Silurian  slates  of  Bendigo,  Victoria;*  the  Devonian 
slates  of  Gympie,  Queensland;  the  Jurassic  slates  of  the 
"  mother  lode  "  region  in  Calaveras  and  Amador  counties,  Cali- 
fornia; the  black  shale  enclosing  the  gold-specimen  ores  of 
Farncomb  Hill,  Breckenridge,  Summit  county,  Colorado ;  the 
graphitic  casing  occasionally  seen  in  the  ores  of  the  Sunnyside 
and  Mastodon  veins,  in  San  Juan  county,  Colorado;  and 
the  celebrated  Indicatorf  series  of  Ballarat,  Victoria. 

In  order  to  test  this  theory,  I  broke  some  pieces  of  black 
shale  on  the  contact  above  Raise  12  on  the  Enterprise  vein,  and 
took  them  to  the  Argo  smelter,  where,  by  the  kindness  of  Mr. 
Pearce,  the  following  experiments  were  made.  A  piece  of  the 
Rico  shale  was  put  into  a  weak  solution  of  sulphate  of  silver 
(Ag.,SO^)  containing  some  free  acid  intended  to  neutralize  the 
lime  (CaCOg)  in  the  shale.  The  precipitation  of  metallic 
silver  became  visible  in  three  days.  The  parallel  experi- 
ment with  gold  was  more  interesting.  A  piece  of  ore  (as- 
saying 1147  ounces  of  gold  per  ton)  obtained  from  the  Prince 
Albert  mine  at  Cripple  Creek  was  taken,  and  its  gold  was  ex- 
tracted by  a  solution  containing  ferric  sulphate  (FejOjSSOg), 
eommon  salt  (NaCl)  and  a  little  free  acid  (H^SO^).  This  Crip- 
ple Creek  ore  carried  the  black  oxide  of  manganese  (MnOa) 
invisible  quantity,  and  thus  the  chlorine  used  to  form  the  gold- 
solution  was  liberated  in  a  manner  simulating  natural  condi- 
tions.    Of  the  gold  in  this  Cripple  creek  ore,  99.91  per  cent. 

*  Discussed  by  the  writer  in  Trans.,  xxii.,  319  et  seg.  Also  by  Mr.  Argall, 
same  volume,  p.  762. 

t  See  also  "The  Indicator  Veins,  Ballarat,"  by  the  writer,  Eng.  &  Min.  Jour., 
Dec.  14,  1895, 
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was  extracted,  and  subsequently  precipitated  on  the  Rico 
shale  by  inserting  the  latter  in  the  solution  thus  formed.  The 
gilding  of  the  black  shale  by  the  deposit  of  gold  became  visible 
within  four  hours. 

The  order  of  succession  of  the  various  minerals  composing 
the  ore  is  indicated  in  many  ways.  Beautiful  pseudomorphs 
of  quartz  after  baryta  have  been  found.  The  replacement  of 
rhodochrosite  by  quartz  is  often  discernible.  That  the  baser 
suli)hides  frequently  enclose  fragments  of  rhodochrosite  (Fig. 
25),  establishes  their  relative  age.  Pieces  of  country  found 
within  the  vein-matter  are  occasionally  surrounded  by  a  rim  of 
rhodochrosite.  (See  Fig.  34.)  The  silver  sulphides,  and  the 
native  gold  associated  with  them,  occur  exclusively  within  the 
geodes  which  are  usually  distri])uted  along  the  center  of  the 
vein.  The  veins  enclose  shreds  of  country-rock;  sometimes 
such  pieces  of  rock  are  found  within  masses  of  sulphide  ore, 
and  there  is  an  imperceptible  gradation  from  clean  sulphide  to 
rock  so  impregnated  with  ore  as  to  have  its  true  character  ob- 
scured.    Banded  structure  is  common. 

This  succession  points  to  the  following  conclusions :  "WTien 
the  fractures  were  first  formed  they  consisted  of  lines  of 
crushed  country,  afterwards  healed  by  a  deposit  of  carbonate 
of  manganese.  The  latter  .(rhodochrosite)  is  likely  to  have 
been  derived  from  limestones  occurring  at  a  horizon  not  neces- 
sarily very  far  below  the  place  of  the  present  ore-deposits. 
Then  came  a  fresh  fracturing,  accompanied  by  the  deposition 
•of  baryta  and  the  sulphides  of  lead  and  zinc.  Later  still  the 
earlier  vein-stuff  became  shattered  by  fissuring  on  the  old 
lines  of  movement,  and  along  the  water-way  thus  created  there 
came  siliceous  solutions,  which  replaced  baryta  and  rhodochro- 
sites  with  crystalline  quartz.  Finally,  the  vein  was  riven 
along  its  center,  and  waters  rich  in  the  salts  of  gold  and  silver 
found  their  way  upward  to  undergo  precipitation  through  the 
agency  of  the  rhodochrosite  and  the  shattered  portions  of  the 
carbonaceous  country  enclosed  within  the  vein-walls. 

We  are  driven  in  this  case  to  the  hypothesis  of  ascending 
solutions.  A  lateral  flow  must  be  a  part  of  an  upward  or  down- 
ward movement  of  the  underground  circulation.  As  a  general 
phenomenon  it  is  inconceivable.  The  deposition  of  ore  from 
descending  solutions  is  in  this  case  chemically  possible  through 
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the  reduction  of  sulphates  by  carbonaceous  matter.  But  for 
the  hypothesis  of  descending  sulphates  there  is  no  basis  of  fact. 
The  geological  evidence  is  all  against  it.  The  structure  and 
environment  of  the  ore-bodies  point  to  their  derivation  from 
solutions  which  came  up  from  below.  The  passage-ways  open 
to  the  circulating  waters  cease  upward  and  extend  downward ; 
they  connect  with  no  available  origin  in  one  direction,  but  lead 
to  a  possible  source  in  the  other. 


The  Invention  of  the  Bessemer  Process. 

BY  JOSEPH   D.    WEEKS,   PITTSBURGH,    PA. 

(Presidential  Address  at  the  Pittsburgh  Meeting,  February,  1896.) 

Note  by  the  Secretary. — This  address  having  been  made  the 
object  of  much  hostile  comment,  arising,  as  Mr.  Weeks  be- 
lieved, in  large  part  from  misunderstanding  of  its  purpose  and 
meaning,  was,  by  his  express  direction,  withheld  from  official 
publication  in  the  Transactions  until  he  should  have  so  modi- 
fied or  added  to  it  as  to  make  such  misunderstanding  impossi- 
ble. His  illness  and  death  prevented  him  from  executing  this 
intention ;  and,  consequently,  the  only  version  of  the  address 
now  in  the  Secretary's  hands  is  one  of  which  the  author  had 
forbidden  the  publication.  Under  the  circumstances,  therefore, 
it  seems  best  to  publish,  in  this  place,  only  some  portions  of 
the  address  and  its  appendixes  which  have  a  historical  value 
and  are  beyond  controversy,  giving  at  the  same  time  a  sum- 
mary of  its  general  nature,  based  upon  the  original  manuscript 
and  upon  correspondence  with  Mr.  Weeks.  For  this  summary, 
the  Secretary  is  alone  responsible. 

The  address  was  essentially  a  restatement  of  well-known  and 
established  facts,  which  it  interpreted  as  proving  that,  of  the 
three  elements  of  the  Bessemer  process  (namely,  the  pneumatic 
principle,  the  successful  mechanical  application  of  that  princi- 
ple, and  the  recarburization  with  spiegeleisen),  William  Kelly 
was  the  first  inventor  of  the  first,  Bessemer  of  the  second,  and 
Mushet  of  the  third.  Mr.  Weeks  used  the  words  "  original 
inventor  "  in  the  sense  (as  he  explained  in  one  place)  oi'Jirst  in- 
ventor, and  neither  asserted  nor  believed  that  Bessemer's  con- 
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ception  of  the  pnoumatic  priiuiplo  was  not  orio^inal  in  the  sense 
of  being  independent.  The  prioriiy  of  Kelly's  invention  was  his 
only  contention  ;  and  as  this  had  been  repeatedly  asserted,* 
and  had  been  established  by  jndieial  investigation,!  he  did  not 
expect  it  to  be  contradicted.  Undoubtedly  this  was  the  chief 
point  which  he  wished  to  make  plainer  by  modif^-ing  the  ad- 
dress before  its  official  publication.  Another  point,  I  believe, 
was  the  fact  that  Kelly,  though  he  })roposed  to  decarburize  and 
refine  liquid  iron  "  without  the  use  of  fuel  "  by  blowing  air 
through  it,  did  not  in  fact  carry  out  this  })rinciple  so  as  to  get 
a  final  liquid  product.  In  other  words,  his  bath  "  came  to  na- 
ture," like  that  of  a  puddling-furnace.  This  fact  appears  in  the 
address  in  one  or  two  places — for  instance,  in  the  following 
passage : 

"As  Mr.  Holley  puts  it:  '  Mr.  Bessenier's  invention  consisted  in  the  mechanical 
means  for  intimately  diffusing  the  air  throughout  the  mass  of  iron  to  such  an  extent 
that  the  chemical  changes  take  place  with  sufficient  rapidity  to  leave  the  niaiis 
fluid  after  the  cartoon  and  silicon  have  heen  removed  ;  while  the  means  em- 
ployed by  Mr.  Kelly  were  not  adequate  to  carry  the  process  to  the  same  extent.'  " 
(See  Appendix  VIII.) 

It  also  follows  closely  from  the  description  of  Kelly's  Johns- 
town converter  of  1856,  given  to  Mr.  Weeks  by  Mr.  John  E. 
Fry: 

"The  apparatus  was  a  2-foot  section  of  a  3-foot  boiler-shell  lined  up  to  about 
16  inches  inside  diameter  with  fire-brick,  having  a  paved  fire-brick  bottom,  about 
20  inches  deep.  This  was  put  just  outside  of  the  door  of  the  blast-engine  room 
of  the  old  Cambria  blast-furnace.  The  engines  gave  from  3  to  4  pounds  blast- 
pressure.  There  was  a  temporary  connection  made  from  the  blast-pipe  to  this 
little  auxiliary  furnace  by  a  gas-pipe.  The  nozzle  was  a  cast-iron  affair,  such  as 
was  used  at  the  tuyeres  in  those  days.  The  tuyere  was  "clayed  up  "  and  dried 
and  connected  by  a  loose  elbow  to  the  pipe,  so  as  to  be  swung  down  into  the  metal. 
The  metal  was  melted  at  the  foundry,  and  brought  up  in  a  ladle  containing  about 
500  pounds.  The  furnace  was  about  2  0  yards  from  the  foundry,  and  the  ladle  was 
put  on  a  little  metal-hauling  car  and  hauled  to  the  converter.  This  metal  would 
make  probably  8  or  9  inches  of  depth  in  this  little  pot.  As  soon  as  the  metal  was 
dumped  in  the  pipe  was  shoved  down  with  the  blast  on.  A  cover  of  pieces  of 
sheet-iron  was  laid  across  the  top  to  prevent  the  sparks  flying  too  freely." 

Finally,  the  same  fact  as  to  the  difference  between  Kelly's 
actual  result  and  that  of  Bessemer  was  brought  out  in  the  oral 


*  See  Mr.  Robert  W.  Hunt's  "History  of  the  Bessemer  Manufacture  in 
America,"  Trans,  v.  201  ;  also,  Swank's  Iron  in  All  Acje><,  2d  ed.,  p.  395.  I  am 
not  aware  that  these  publications  aroused  special  protest  in  any  quarter. 

f  See  Appendixes,  VII.  and  IX.,  below. 
VOL.  xxvi.^-63 
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discussion  of  the  address  at  Pittsburii'li.  I  believe  that  Mv. 
"Weeks,  in  revising  the  addrens,  would  have  inade  it  still 
plainer  that  he  admitted  this  ditierenee,  while  he  would  doubt- 
less have  continued  to  adhere  to  his  view  that  it  ought  not  to 
deprive  Kelly  of  the  credit  of  the  first  discovery  of  the  "  pneu- 
matic principle." 

Concerning  Bessenier's  first  converter  (see  Appendix  X), 
Mr.  T\''eeks  remarked  that  it  was  also  fixed,  but  "  a  vastly  dif- 
ferent piece  of  apparatus  from  the  Kelly  converter.  Moreover, 
the  records  of  the  Patent  Office  show  that  Bessemer  very  soon 
discarded  this  for  the  movable  rotary  tilting  converter,  which 
is  practically  the  vessel  still  used." 

The  first  rotary  converter  in  the  United  States  '(see  Figs.  4 
and  5)  was  erected  at  Cambria  in  1861.  Mr.  Weeks  says  it 
"  was  an  infringement  on  Besseiiier's  converter." 

The  chief  object  of  his  address  was  to  present  interesting 
documents  and  details,  which  axe  contained  in  the  Appendixes, 
all  of  which  are  here  sivem 


APPENDIX  I. 

Interference  File — "VVjm.  Kelly  vs.  Henky  Bessemer. 

Deposit  iom  of  &  L  Smith. 
State  of  Kentucky,  K^  . 
Lyon  County.       •• 

My  name  is  Strother  I.  Smith.  I  am  a  constructor  and  builder  of  blast-furnaces 
and  machinist  in  general.  My  family  reside  in  Eddjville,  Ky.,  and  I  am  now 
engaged  as  machinist  at  the  Cumberland  Iron  Works,  in  Ste'wart  county,  Tenn. 
In  the  year  ciglitecn  hundred  and  forty  seven  (1847)  occurred  the  remai'kable 
flood  in  the  Cumberhnid  river,  wki<.'k  enables  me  to  fix  the  date  in  my  recollec- 
tion of  the  facts  I  am  about  to  state.  I  lived  in  the  neighborhood  of  Eddj'ville, 
Ky.,  at  the  time,  and  was  at  tlie  forge  ef  Kelly  &  Co.,  in  Caldwell,  now  Lyon 
county,  Ky.  Whilst  there  William  Kelly  gave  me  a  description  of  a  new  pro- 
cess for  treating  iron,  by  which  he  expected  to  be  able  to  produce  malleable  iron 
from  fluid  pig-metal  without  fuel,  by  a  strong  blast  of  air  Mown  into  the  liquid 
mass  of  iron.  My  recollection  on  the  subject  is  clear  and  perfect,  as  detailed  to 
me  by  William  Kelly  at  the  time  by  drawings  and  descriptions.  His  theory  was 
this,  that  by  blowing  a  blast  of  air  into  a  body  of  liquid  iron,  the  oxygen  in  the 
air  would  combine  witii  the  carlion  in  the  iron,  and  in  ;so  doing  a  heat  would  be 
created  in  the  iron  of  sufficient  intensity  to  carry  it  through  the  operations  of  re- 
fining and  bringing  the  iron  to  nature.  From  the  description  Mr.  Kelly  gave  me 
at  the  time  of  his  improved  process,  I  could  readily  have  carried  it  out,  if  so  de- 
sired, by  the  instructions  he  gave  me  then,  and  put  it  in  practical  operation,  at 
the  aforesaid  date,  say  1847.  S.  I.  Smith. 

To  this  affidavit  is  attached  a  jurat,  dated  16th  March,  1807. 
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APPENDIX  II. 

Affidavit  of  Jeremkih  Tiley. 
State  of  Kentucky,  )  „,  . 
Lyon  County.       > 

My  name  is  Jeremiah  Tiley.  I  am  a  forgeman  of  about  35  years'  experience. 
I  reside  in  Pope  county,  111. 

I  was  in  the  employment  of  Kelly  &  Co.,  as  forgeman  at  their  Union  Forge,  in 
1847;  during  this  year  William  Kelly  told  the  forgemen  that  he  could  make 
wrought-iron  without  fuel  out  of  liquid  pig-iron  in  a  crude  state.  His  theory  was 
that  by  blowing  blasts  of  air  into  a  liquid  body  of  metal,  that  instead  of  chilling 
up  the  iron,  as  most  persons  said  he  would  do,  a  high  heat  would  be  generated  by 
the  oxygen  in  the  blast  combining  with  the  carbon  of  the  iron,  thereby  rendering 
fuel  unnecessary.  Said  Kelly  made  several  large  drawings  and  put  them  in  the 
forge,  that  all  the  forgemen  might  see  and  understand  his  plans.  I  saw  the  draw- 
ings and  also  saw  the  furnace  he  built  in  1847  to  carry  out  his  new  process.  I  also 
saw  two  furnaces  he  built  at  Suwanee  Iron  Works  in  18  il.  which  were  used  for  a 
long  time  ;  the  process  was  known  here  as  Kelly's  Air  Boiling  Process.  I  made 
an  engagement  with  said  Kelly  to  stay  at  the  furnace  for  a  week  and  carry  on  his 
process  for  him ;  was  prevented  from  going.  Saw  Mr.  Kelly  break  a  piece  off  of 
a  piece  of  iron  taken  out  of  the  air  boiling  furnace  and  take  it  to  the  blacksmith's 
shop  and  heard  him  liammering  at  it.  He  returned  with  it  and  showed  it  to  his 
brother  as  some  of  the  iron  he  made  by  his  new  process  ;  it  looked  like  good 
wrought  iron. 

his 
Jeremiah  -f-  Tiley. 
mark. 
Attest : 

C.  M.  Shelley. 

To  this  affidavit  is  attached  a  jurat,  dated  16th  day  of  March,  1857. 
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Affidavit  of  Alfred  H  Champion. 


State  OF  Kentucky, 
Ly'on  County.      >'  " 

My  name  is  Alfred  H.  Champion.  I  am  a  physician,  and  reside  in  the  town  of 
Eddyville,  Lyon  county,  Kentucky. 

In  the  fall  of  1851  I  was  present,  in  company  with  William  Kelly,  some  two  or 
three  practical  iron-ma.sters  and  others,  when  William  Kelly  informed  the  com- 
pany there  assembled,  that  he  had  just  finished  a  new  furnace  for  making  wrought- 
iron  without  fuel  and  invited  all  present  to  go  to  his  iron-works  and  see  it  in 
operation.  This  being  a  subject  of  great  interest  with  the  iron-masters  then  present, 
they  asked  him  what  his  process  was  like.  He  described  it  thus  :  His  furnace 
was  something  like  the  common  cupola-furnace,  into  which  he  would  put  a  quantity 
of  fluid  metal  taken  from  his  blast-furnace,  and  blow  blasts  of  air  into  the  liquid 
iron,  without  any  fuel,  when  it  would  commence  boiling,  and  continue  to  boil 
until,  like  the  puddling-fire,  the  iron  would  be  boiled  to  nature  or  made  malleable. 

This  announcement  by  Mr.  Kelly  was  at  once  condemned  by  all  the  iron-men 
present,  who  were  of  the  opinion  that  he  would  immediately  chill  up  his  furnace. 
Said  Kelly  then  went  into  further  explanation  of  his  theory,  and  told  the  company 
that  instead  of  chilling  up  his  furnace,  it  would  become  intensely  hot,  tiiat  the  car- 
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bon  contained  in  the  iron,  having  an  affinity  for  oxygen,  would  unite  with  the  oxy- 
gen in  the  blast  and  so  united  would  create  an  intense  heat  and  pass  ofT  intlieform 
of  carbonic  acid  gas.  The  company  present  all  ditTcred  in  opinion  from  Mr.  Kelly, 
and  appealed  to  me  as  a  chemist  in  confirmation  of  their  doubts.  I  at  once  decided 
that  Mr.  Kelly  was  correct  in  his  theory,  and  then  went  on  to  explain  the  received 
opinion  of  chemists  a  century  ago  on  this  subject,  and  the  i)resent  received  opinion, 
which  was  in  direct  confirmation  of  the  novel  theory  of  Mr.  Kelly.  I  also  men- 
tioned the  analogy  of  said  Kelly's  process  in  decarbonizing  iron  to  the  process  of 
decarbonizing  blood  in  the  human  lungs.  A.   II.  Champion,  M.D. 

A  jurat  is  hereto  attached,  dated  14th  day  of  March,  18o7. 


APPENDIX  IV. 

Affidavit  of  Charles  C.  Curgill. 


State  of  Kentucky,  \  ^ 
Lyon  County.      i     " 

My  name  is  Charles  C.  Cargill.  I  am  a  founder  by  profession,  and  have  a 
knowledge  of  chemistry,  at  least  so  far  as  relates  to  the  operation  of  making  iron 
is  concerned.     I  reside  in  Suiart  county,  Tenn. 

In  the  fall  of  18>1  I  was  founder  at  Suwanee  Iron  "Works,  owned  by  Kelly  & 
Co.     I  left  the  employment  of  said  Kelly  <&  Co.  in  November,  1851. 

Whilst  in  the  employment  of  said  Kelly  &  Co.,  William  Kelly  described  to  me 
a  novel  mode  of  treating  iron,  which  he  claimed  to  have  discovered  some  years 
previous.  It  was  for  converting  crude  pig-iron  into  malleable-iron,  without  fuel,  by 
blowing  blasts  of  air  into  the  melted  iron.  His  theory  was  that  the  carbon  con- 
tained in  the  iron,  having  an  affinity  for  oxygen,  would  unite  with  the  oxygen  in 
the  blast  and  cause  a  boiling  to  take  place  in  the  iron,  wliich,  after  being  continued, 
must  bring  the  iron  to  nature,  without  any  other  manipulation.  He  also  told  me 
that  this  chemical  combination  of  carbon  and  oxygen  would  put  intense  heat  into 
the  iron.  I  differed  in  opinion  with  Mr  Kelly.  I  also  asked  him  how  he  was  to 
get  a  fiber  in  the  iron.  His  answer  was  that  the  action  of  the  blast  would  have  a 
mechanical  as  well  as  chemical  effect  on  the  iron  that  would  produce  a  fibre. 
William  Kelly  built,  whilst  I  was  at  Suwanee  Iron  Works,  a  small  cupola  or  fur- 
nace, for  the  purpose  of  putting  his  new  process  in  practical  operation.  It  was 
much  like  a  common  cupola  furnace,  and  had  a  tuyere  in  the  side  entering  the 
chamber  near  the  bottom. 

The  blast  was  first  let  on  to  the  tuyere,  and  whilst  blowing  the  liquid  iron  was 
poured  into  the  furnace.  I  was  often  present  and  saw  the  said  process  in  practical 
operation.  I  remember  seeing  some  of  the  iron  so  treated,  but  do  not  now  remem- 
ber the  exact  quality  of  the  iron.  I  do  know  it  was  not  crude  pig  iron,  and  think 
it  was  somewhat  malleable,  or  partook  largely  of  the  properties  of  wrought-iron. 

Chas.  C.  Cargill. 

A  jurat  is  hereto  attached,  dated  12th  day  of  March,  18  >1. 


State  of  Kentucky^ 
Lyon  Cocntv. 


APPENDIX  V. 
Affidavit  nf  William,  R.  Edes. 


My  name  is  William  R.  Edes.  I  am  a  machinist  Vjy  profession  and  a  licensed 
preacher  of  the  Gospel  in  the  Methodist  Episcopal  Church  South.  I  reside  in 
Lyon  county,  Kentucky. 
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In  the  year  I80I  I  was  in  the  employment  of  Kelly  &  Ck).  as  machinist  at  their 
iron-works  in  Lyon  county,  Ky.  I  made  for  William  Kelly  some  pipe-patterns, 
the  castings  off  of  which  were  intended  to  be  used  about  a  furnace  which  William 
Kelly  was  then  (1851)  building,  and  which  I  rather  think  I  helped  to  build  also. 
The  pipes  were  cast  and  applied  to  said  furnace.  The  object  of  said  furnace  was 
to  carry  out  an  improvement  of  said  William  Kelly  by  which  he  told  me  he  could 
make  wrought-iron  without  any  fuel,  that  he  could,  by  blowing  blasts  of  air  into 
tiie  liquid  iron,  boil  the  iron  and  bring  it  to  nature.  Wlien  the  furnace  was  ready 
William  Kelly  told  me  he  was  going  to  put  it  in  operation  and  requested  me  to 
come  and  see  it.  I  went  and  saw  it  at  work.  The  blast  was  firet  let  on  to  the  fur- 
nace, and  then  the  iron  was  aftenvards  poured  in.  William  Soden,  AVashington 
Jefferson  and  others  took  the  liquid  iron  as  it  flowed  from  the  blast-furnace  and 
ladled  it  into  the  boiling-f  urnaca  After  this  experiment  I  was  often  present  whilst 
William  Kelly  was  blowing  his  furnaces.  I  remember  having  seen  two  such  air- 
boiling  furnaces— one  a  hot,  the  other  a  cold  blast.  I  saw  some  of  the  iron  made 
by  Mr.  Kelly  with  his  air-boiling  furnace,  and  thought  at  the  time  that  it  was 
good  wrought-iron.  I  conversed  with  a  blacksmith  who  told  me  he  had  worked 
some  of  the  iron  made  by  Kelly's  new  process  (this  was  in  1851)  ;  he  represented 
it  to  me  as  first-rate  iron. 

The  said  air-boiling  furnaces  that  I  saw  were  built  circular,  a  good  deal  like  in 
the  inside  unto  a  moulder's  standing  ladle,  with  a  bottom  shaped  like  a  basin, 
each  had  a  tuyere  in  the  side  entering  near  the  bottom  ;  they  were  enclosed  at  top, 
with  a  vent  for  the  escape  gases. 

I  also  remember  having  heard  of  a  furnace  built  by  said  Kelly  some  years  prior 
to  1-551,  for  the  same  process  as  the  above,     I  did  not  see  it,  however. 

William  R.  Edes. 

A  jurat  is  hereto  attached,  dated  1  !th  March,  1S57. 


APPENDIX  VL 

davit  of  William  Soden. 


State  of  KESTrcKY,1  ^ 
Lyox  CorxTY.       -t 

I^Iy  name  is  William  Soden.  I  am  a  moulder  by  profession,  and  reside  on  my 
farm  in  Lyon  county.  In  the  month  of  November,  1851,  I  moulded  and  cast  for 
William  Kelly  at  the  "  Suwanee  Furnace,"  in  this  (Lyon)  county,  a  set  of  blast 
pipes,  which  he  applied  in  that  month  and  year  (1851)  to  a  small  cupola  or  refin- 
ing-furnace,  known  at  the  above  establishment  as  an  "air-boiling  furnace." 

I  know  the  date  well,  as  I  keep  a  daily  account  of  all  the  work  I  do  at  the  above 
works,  and  I  find  those  pipes  were  made  by  me  in  November,  1851.  In  addition 
to  my  own  account,  I  find  upon  examination  that  the  said  pipes  or  castings  are 
placed  to  my  credit  in  the  same  month  and  year  (November,  1851)  on  the  books 
of  the  furnace.  I  also  know  the  date  from  another  reliable  source  to  be  Novem- 
ber, 18  1.  The  said  pipes  were  put  in  use  during  November,  18)1,  by  William 
Kelly  to  a  cupola  or  "air  boiling"  fnrnace  constructed  in  the  following  manner  : 
A  cylindrical  chamber  covered  at  the  top  with  a  vent  to  carry  off  the  escape  gases. 
The  bottom  of  said  chamber  was  concave,  and  near  the  shape  of  the  point  of  an 
egg.  In  the  side  of  and  near  tlie  bottom  was  fixed  a  tuyere.  Tiie  blast  of  air  was 
first  let  on  to  the  furnace  and  tlie  liquid  metal  taken  from  the  blast-furnace  and 
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poured  into  said  "air-boiling"  apparatus.  The  bhist  of  air  soon  put  the  mass  of 
liquid  metal  into  a  boiling  commotion,  thereby  freeing  the  metal  of  its  impurities 
which  were  disengaged  by  the  escape  of  gas  and  cinder.  Mr.  William  Kelly's 
theory,  as  explained  to  me  by  him  at  the  time,  was  that  by  blowing  a  strong  blast 
of  air  up  and  into  a  mass  of  liquid  crude  metal  tlie  carl)on  contained  in  the  iron 
would  unite  with  the  oxygen  in  the  air  and  pass  oil  in  carbonic  acid  gas,  by  which 
the  iron  would  be  decarbonized,  and  by  tlie  boiling  it  would  tliereby  receive  be 
worked  "to  nature"  or  malleable  iron  without  tiie  aid  of  fuel. 

I  was  often  present  wiien  he  had  his  "air-boiling"  furnace  in  operation,  and 
frequently  assisted  in  ladling  the  melted  metal  during  the  aforesaid  month  and 
year  (November,  1851)  and  since  from  the  blast-furnace,  and  poured  it  into  his 
"air-boiling"  furnace. 

I  have  seen  said  William  Kelly  use  the  cold  and  hot  blast  in  his  experiments 
and  trials,  and  know  of  seven  different  air-boiliug  furnaces  tiuvt  he  has  built 
during  and  since  1851,  which  were  all  alike  in  principle.  Some  had  one,  some 
four  and  some  eight  tuyeres.  The  action  of  all  were  alike  and  the  principle  all 
the  same.  W^illiam  Soden. 

A  jurat  is  hereto  attached,  dated  r2th  day  of  March,  1857. 


APPENDIX  VII. 

Decision  of  the  U.  S.  Patent  -Office. 


U.  S.  Patent  Office, 

April  13,.  1857. 

In  the  matter  of  interference  between  the  patent  of  Henry  Bessemer,  of  London, 
and  the  application  of  William  Kelly,  of  Lyon  county,  Ky.,  for  Improvement  in 
the  Manufacture  of  Iron  and  Steel,  the  hearing  of  which  was  fixed  for  the  first 
Monday  in  April : 

It  appears,  that  by  the  concurrent  testimony  of  numerous  witnesses,  Kelly  made 
this  invention  and  showed  it  by  drawings  and  experiments  as  early  as  1847,  and 
this  testimony  appears  to  be  reliable  in  every  respect. 

The  patent  of  Bessemer  was  sealed  at  London  on  the  11th  of  April,  1850,  and 
bears  date  11th  October,  1855. 

Priority  of  invention  in  this  case  is  awarded  to  said  Kelly,  and  it  is  ordered  that 
a  patent  be  issued  accordingly,  unless  an  appeal  be  taken  within  sixty  days  from 

this  date. 

S.  T.  Shugart, 

Acting  Commissioner. 


APPENDIX  VIII. 
Evidence  of  A.  L.  HoUey. 


In  the  matter  of  the  application  of  William 
Kelly,  for  an  Extension  of  Letters  Patent 
for  an  Improvement  in  the  Manufacture 
of  Iron,  No.  17,628,  dated  June  23d, 
1857.  Keissued  November  3d,  1857. 
No.  505. 
Alexander  L.  Holley,  a  witness  for  the  applicant  herein,  being  duly  called, 
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cautioned  and  sworn,  testifies  as  follows,  in  answer  to  interrogatories  proposed  by 
L.  S.  Diirfee,  Esq.,  representing  counsel  for  applicant. 

1.  What  is  your  name,  age,  residence  and  occupation  ? 

A.  Alexander  L.  Holley.  I  am  38  years  of  age.  I  reside  at  Brooklyn,  King's 
county,  X.  Y.  I  am  an  engineer  and  manager  of  Bessemer  Steel  Works  at 
Troy,"x.  Y. 

2.  Have  you  read  the  letteri-patent  and  reissued  letters-patent  of  William 
Kelly? 

A.  I  have. 

3.  Will  you  please  state  what  you  consider  the  essential  features  of  said  patent  ? 
A.  The  essential  feature  of  the  patent  is  the  decarburization  of  crude  cast-iron 

by  the  air-blast  in  a  vessel  independent  from  the  blast-furnace  or  furnace  in  which 
it  was  melted  and  without  the  application  of  external  heat. 

4.  Have  you  read  the  depositions  in  the  interference  between  Kelly  and  Bes- 
semer at  the  time  of  Kelly's  application  for  his  patent? 

A.  I  have. 

5.*  Was  the  process  as  described  by  Kelly  in  his  patent  and  by  the  witnesses  in 
his  behalf  in  such  interference  new  and  useful  ? 

A.  As  far  as  I  am  aware  it  was  new.     I  know  it  to  be  useful. 

6.  What  are  the  relations  of  the  process  described  by  Kelly  to  what  is  generally 
known  as  the  pneumatic  process  for  the  manufacture  of  steel  ? 

A.  Chemically  the  two  processes  are  identical,  and  mechanically  the  prin- 
ciple is  the  same,  and  the  means  are  the  same  in  general  character  but  not  in 
detail. 

7.  What  is  the  chief  difference  between  the  process  as  described  by  Kelly  and 
that  now  used  ? 

A.  The  strength  and  distribution  of  the  blast  are  greater  in  the  present  process. 
Mr.  Bessemer' s  experiments  in  this  matter  were  nearly  contemporaneous  with  those 
of  Kelly,  and  Mr.  Bessemer' s  invention  consisted  in  the  mechanical  means  for  in- 
timately diffusing  the  air  throughout  the  mass  of  iron  to  such  an  extent  that  the 
chemical  changes  take  place  with  sufficient  rapidity  to  leave  the  mass  fluid  after 
the  carbon  and  silicon  have  been  removed  ;  while  the  means  employed  by  Mr. 
Kelly  were  not  adequate  to  carry  the  process  to  the  same  extent. 

8.  Then  the  difference  between  the  process  of  Mr.  Kelly  and  that  of  Bessemer 
was  principally  one  of  degree  ? 

A.   Yes. 

9.  What  do  you  consider  the  value  of  the  invention  of  Mr.  Kelly  in  its  relation 
to  the  pneumatic  or  Bessemer  process  as  at  present  practiced  ? 

A.  I  consider  Kelly's  invention  the  first  practical  development  of  the  pneu- 
matic process,  and  it  has  been  so  recognized  by  the  owners  of  the  combined  patents 
covering  this  process.  Mr.  Bessemer,  Ijv  his  superior  mechanical  improvements 
and  caj)ital,  anticipated  the  results  which  might  naturally  have  followed  from  the 
development  of  the  Kelly  process  ;  but  Mr.  Kelly's  invention  was  valuable  in  the 
direction  in  which  he  applied  it. 

10.  What  do  you  consider  the  economy  developed  by  Mr.  Kelly's  invention  in 
the  mode  in  which  he  practiced  it? 

A.  The  process  applied  by  Mr.  Kelly  developed  a  considerable  economy  in  the 
fuel  required  to  melt  the  iron  and  to  keep  it  fluid.  Judging  from  the  Kelly  testi- 
mony, before  referred  to,  I  think  the  saving  in  fuel,  by  his  process,  would  average 
for  the  works  in  this  country,  not  less  than  one  dollar  per  ton  of  iron  treated. 

Alkxander  L.  Holley. 


THE    INVENTION    OF    THE    BESSEMER    PROCESS.  989 

APPENDIX  IX. 

Hcpori  of  the  Examiner. 

Room  No.  151,  U.  S.  Patent  Office, 

June  7,  1871. 
To  the  Commissioner  of  ratent.^: 

Sir  :  In  the  matter  of  the  application  of  William  Kelly  for  extension  of  patent 
for  "Improvement  in  the  Manufacture  of  Iron,"  issued  to  him,  and  dated  June 
23,  1857,  and  reissued  November  ;■-',  1857  (No.  50')),  I  have  the  honor  to  submit 
the  following  report : 

The  invention  in  this  case  consists  in  decarbonizing  molten  crude  cast-iron  by 
running  it  into  a  vessel  separate  from  that  in  wliich  it  was  melted  and  blowing 
through  it  blasts  of  air,  so  as  to  burn  out  the  excess  of  carbon  and  refine  the  metal. 

The  application  on  which  this  patent  was  allowed  was  filed  November  13,  ]85(), 
and  put  into  interference  with  a  patent  then  just  issued  to  Henry  Bessemer,  of 
England.  I  am  not  familiar  with  the  facts  developed  in  that  interference,  but 
the  result  was  that  so  far  as  it  concerned  the  particular  matter  claimed  by  Kelly, 
priority  of  invention  was  awarded  to  him. 

With  the  exception  of  the  Bessemer  patent,  just  referred  to,  there  was  nothing 
that  would  anticij)ate  Kelly's  claim. 

Christian  Shuuk  had  filed  an  application  for  a  patent  in  1854,  but  showed  no 
method  of  applying  an  air-blast  to  molten  pig  metal  except  in  the  hearth  of  the 
blast-furnace. 

Martien  had  also,  in  this  country  and  in  England,  blown  a  current  of  airthrougli 
a  stream  of  cast-iron  as  it  ran  down  the  spout  from  the  blast-furnace  to  the  "  pig- 
bed."  But  neither  of  these  was  an  equivalent  for  the  method  of  Kelly  of  running 
the  molten  iron  into  a  vessel  separate  from  that  in  which  it  was  melted,  and  pass- 
ing blasts  of  air  through  it  until  refined,  or  more  or  less  decarbonized  and  dispen- 
sing with  other  fuel 

The  invention  was  therefore  new  and  patentable  at  the  time  of  the  grant  of  the 
original  patent 

The  inventor  used  diligence  in  introducing  his  invention,  but  was  not  success- 
ful, for  the  reason  that  the  working  of  the  invention  required  a  large  outlay  of 
capital,  and  the  conflicting  claims  of  others  prevented  any  concentration  of  effort 
for  the  development  of  either  invention  until  within  the  last  few  years,  srnce  when 
the  several  interests  have  worked  in  harmony. 

In  regard  to  the  utility  of  the  invention  of  Kelly,  the  testimony  is  conflicting. 
The  witnesses  Ilolley,  Durfee  and  Thompson,  who  are  very  familiar  with  all  that 
has  been  done  in  the  pneumatic  process  of  treating  iron,  testify  to  the  utility  and 
importance  of  the  invention. 

On  the  other  side  are  the  witnesses  Wright  and  Kimball,  who  have  also  had 
considerable  experience  in  tliis  process 

Exception  is  taken  to  the  receipt  of  the  testimony  of  Wright  and  Kimball,  for 
the  reason  that  the  notice  was  not  served  in  time.     The  objection  seems  valid. 

On  the  part  of  Kelly,  the  witness  Lynn  states  that  he  witnessed  Kelly's  experi- 
ments in  1851,  and  that  these  experiments  were  continued  until  18)6  ;  that  Kelly's 
method  was  economical  and  useful,  effecting  a  great  saving  in  both  fuel  and  labor 
over  the  finery  and  nm-out. 

Tlie  witness  Edes,  who  is  well  acquainted  with  iron  manufacture,  saw  Kelly's 
early  experiments,  and  fully  corroborates  the  statement  of  Lynn  in  regard  to 
utility  and  economy  of  the  process. 

Tliis  witness  estimates  a  saving  of  $7  CO  per  ton  of  iron. 
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Kelly's  own  statement  of  the  history  of  his  invention  is  full  and  clear,  and,  when 
taken  in  connection  with  the  statement  of  the  witnesses,  seems  to  be  both  intelli- 
gent and  truthful. 

In  the  matter  of  expenditure,  applicant  makes  an  account  of  $61,500,  but  this 
embraces  the  sum  of  .?oO,00;)  for  "  loss  in  business  " 

The  receipts  from  the  patent  amounted  to  only  $2100. 

Opposition  to  the  grant  of  the  extension  has  been  regularly  put  in  by  S.  W. 
Kirk  and  C.  Shunk.  The  reasons  alleged  for  refusing  the  extension  have  not  been 
sustained  by  proofs,  unless,  as  stated  above,  the  invention  is  not  sufficiently  de- 
scribed to  be  useful. 

Shunk  refers  frequently  to  a  disclaimer  in  Kelly's  patent  of  January  20,  18J7, 
and  this  is  in  no  way  pertinent  to  the  issues  in  this  case. 

The  application  on  which  the  patent  of  January  20,  1857,  was  issued,  was  filed 
December  9,  1855,  a  month  and  a  half  later  than  the  application  on  which  the 
patent  of  June  23,  1857  (now  sought  to  be  extended),  issued.  The  reason  for  the 
earlier  issue  of  the  later  application  being  the  time  consumed  in  the  Bessemer  in- 
terference. The  patent  of  January  20,  1857,  is  for  a  different  method,  perhaps, 
similar  in  principle,  but  not  described  in  the  earlier  application,  on  which  the 
patent  of  June  23,  1857,  was  allowed. 

The  subject-matter  of  the  patent  of  January  20,  1857,  is  quite  similar  to,  if  not 
identical  with,  that  described  in  the  withdrawn  application  of  C  Shunk,  filed 
August  28,  185-4  ;  that  is,  the  iron  is  treated  by  an  auxiliary  tuyere  applied  at  the 
bottom  of  the  blast-furnace  and  not  in  a  vessel  separate  from  the  furnace  in  which 
the  iron  is  melted. 

Shunk  also  refers  to  his  patent  of  1859.  The  patent  was  issued  long  after  the 
patent  of  Kelly,  and  is  for  a  method  of  giving  a  rotary  motion  to  the  metal  while 
it  is  treated  with  air. 

It  is  for  matters  not  at  all  involved  in  this  case,  and  has  no  more  bearing  on  the 
subject  than  any  patent  for  improvement  in  the  pneumatic  process. 

The  above  appear  to  be  all  the  material  facts  in  the  case. 

Respectfully  submitted, 

B.  S.  IIedrtck, 

Examiner. 


APPENDIX  X. 

Extracts  from  The  Artizan,  No.  CLXIV.,  Vol.  XIV.,  London,  September  1,  1856. 

Bessemer' 9  Process  of  MANrFACTURisG  Malleable  Iron  and  Steel 

AviTHOUT  Fuel. 

« 

....  The  following  is  a  description  of  the  apparatus  employed  by  Mr.  Bes- 
semer for  the  purpose  of  treating  the  molten  metal  according  to  his  process  : 

Fig.  1  exhibits  a  vertical  section  of  a  cast-iron  cupola-like  cylinder,  the  interior 
being  built  in  fire-brick. 

Fig.  2  is  an  elevation  partly  in  section,  exhibiting  the  construction  with  greater 
minuteness,  and  showing  the  metal  just  after  it  has  been  poured  in  and  the  blast 
turned  on. 

Fig.  3  is  a  sectional  plan  taken  through  the  tuyeres;  «  is  the  cylindrical  iron 
casing  of  the  converting-vessel  ;  6,  the  internal  lining  of  fire-bricks;  c,  tiie  lower 
chamber,  into  which  the  metal  is  poured,  and  wherein  the  boiling  takes  place,  d 
being  the  molten  metal  ;  e  is  the  upper  chamber,  above  the  tliroat  of  the  domed 
boiling-chamber,  c;  and  into  this  upper  chamber  e,  scraps,  gate-pieces  and  other 
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metal  may  be  placed,  and  arranged  round  the  opening,  by  which  means  tlie  waste 
heat  from  the  process  of  boiling  is  made  available  for  melting  the  metal  for  the 
next  charge  ;  /is  an  annular  belt,  or  air-passage,  communicating  with  the  tuyere- 
pipes,  c/  being  the  tuyere-pipes  and  nozzles  ;  h  is  the  blast-itipe  connected  with  the 
blast  engine  ;  (7  are  openings  for  the  escape  of  llame  and  gaseous  products,  and 


Bessemer'a  Converter,  18-56. 


from  which  also  the  eruption  of  slag  takes  place  during  the  boil  -j  is  the  tapping- 
hole  ;  I;  a  man-hole  for  cleaning  out  the  vessel,  and  by  which  the  brick  lining  may 
be  repaired  ;  m  is  the  opening  tlirough  which  the  crude  iron  is  run  into  tlie  con- 
verting vessel ;  n,  n,  the  fire-clay  tuyere-blocks,  which  have  been  found  to  answer 
better  than  any  other  arrangement,  as  they  are  easily  replaceable  when  burnt  away 
or  otherwise  damaged 
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An   Improved  Assay-Muffle. 

BY    ARTHUR    S.    DWIGHT,    PUEBLO,    COLO. 
(Colorado  Meeting,  September,  1896.) 

The  accuracy  of  the  silver-assay  depends  in  great  measure 
upon  a  careful  regulation  of  the  heat  of  the  muffle  during  the 
process  of  cupellation.  At  the  beginning  of  the  operation,  a 
relatively  high  temperature  is  required  to  "  open  "  the  lead 
buttons,  that  is,  to  clear  otf  the  black  film  of  oxide  that  covers 
the  surtace  of  the  metal  button  immediately  after  fusion  has 
taken  place.  The  muffle-is  usually  closed  up  until  the  buttons 
are  uncovered.  As  soon  as  a  clear,  free  surfVice  of  molten  metal 
is  exposed  to  the  oxidizing  action  of  the  air,  the  temperature 
should  immediately  be  lowered  to  the  minimum  temperature  at 
which  the  formation  and  absorption  of  litharge  can  progress 
freely,  and  the  buttons  still  be  kept  from  "  freezing."  The  pro- 
cess, under  satisfactory  conditions,  will  be  characterized  by  the 
formation  of  rings  of  litharge  crystals  ("  feathers,"  as  they  are 
styled),  on  the  cupel,  about  the  oxidizing  globule;  and  the  nearer 
these  rings  of  litharge  crystals  can  be  made  to  approach  the 
central  oxidizing  globule  without  interfering  with  the  freedom 
of  oxidation  and  absorption,  the  smaller  will  be  the  volatilization 
of  silver,  and  consequently  the  greater  the  degree  of  accuracy 
attained.  This  minimum  heat  must  be  maintained  uniformly 
during  the  oxidation  of  the  lead ;  and  just  as  the  last  of  the  lead 
is  disappearing,  and  the  button  is  preparing  to  "  blick,"  the 
temperature  of  the  muffle  should  be  allowed  to  rise  so  that  the 
last  traces  of  lead  will  be  driven  off.  This  regulation  of  the 
heat  calls  into  play  all  the  skill  of  the  assayer,  and  requires  a 
vigilant  eye,  able  to  distinguish  between  the  slightest  variations 
of  temperature  of  the  muffle,  assisted  by  a  nice  adjustment  of 
fuel  and  draft.  With  a  few  cupels  in  the  muffle  at  one  time, 
the  proper  heat  for  each  cupel  can  be  maintained  by  roughly 
approximating  the  proper  temperature,  and  then  moving  the 
cupels  backward  and  forward  in  the  muffle;  but  this  is  gene- 
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rally  out  of  the  question  where  h  mid  reds  of  deteriiiinations 
must  be  made  in  a  day,  and  therefore  some  other  method  of 
regulation  must  be  employed.  With  this  end  in  view,  the  skill 
of  the  assayer  will  show  itself  in  securing  a  nearly  uniform  size 
of  lead  button  from  the  preliminary  scorification  or  crucible 
fusion,  so  that,  when  handled  in  one  batch,  the  buttons  will 
iinish  cupelling  at  nearly  the  same  time.  The  problem  then  is 
to  lower  the  temperature  of  the  whole  mutfle  suddenly  and  uni- 
formly, after  the  buttons  have  opened,  keep  it  steady  during 
the  cupellation  at  the  mininmm  tem]»erature,  and  then  suddenly 
raise  it  at  the  end,  to  secure  a  "  hot  blick."  The  solution  is  to 
be  found  in  keeping  the  fire  hotter  than  is  necessary  to  hold 
the  muffle  at  the  proper  degree  and  cooling  the  latter  by  in- 
dependent agencies,  which  can  be  regulated  with  greater  nicety 
than  can  the  fire  itself,  and  which,  when  removed,  permit  the 
surplus  heat  of  the  fire  to  assert  itself,  and  quickly  raise  the 
temperature  of  the  mufHe.  Ordinarily  this  is  done  by  placing 
cold  bodies,  such  as  old  crucibles  and  scorifiers,  in  various  posi- 
tions in  the  muffle,,  where  they  will  have  the  cooling  influences 
desired,  even  going  to  the  extent  of  putting  here  and  there,  in 
actual  contact  with  the  cupels,  a  cold  scorifier,  resting  on  the 
raised  edges  of  two  or  more  cupels,  so  as  not  to  cut  oft"  the  sup- 
ply of  air.  In  the  hands  of  a  skillful  assayer  a  muffle  full  of 
cupels  can  be  manipulated  as  perfectly  as  a  single  row,  with 
every  button  surrounded  with  a  ring  of  beautiful  litharge 
feathers. 

It  is  the  object  of  this  paper  to  call  attention  to  an  improve- 
ment upon  this  method  of  temperature-regulation,  which  has 
been  in  use  for  over  a  year  in  the  assay-department  of  the  Colo- 
rado Smelting  Company,  at  Pueblo,  and  which  was  devised  by 
Mr.  Howard  F.  Wierum,  the  assayer  in  charge,  with  the  co-ope- 
ration of  Mr.  F.  L.  Capers,  President  of  the  Standard  Fire  Brick 
Company,  of  Pueblo,  who  has  shown  much  intelligence  and  skill 
in  carrying  out  the  idea.  The  muffle  is  moulded  with  two  sets 
of  horizontal  ribs  on  the  inner  sides,  running  from  front  to  back. 
These  strengthen  the  muffle,  and  at  the  same  time  serve  to  sup- 
port a  loose  slab  of  burned  fire-clay  about  ^-inch  thick,  with 
the  same  width  as  the  muffle,  which  can  be  slipped  in  like  a 
shelf.  It  was  originally  hoped  to  cupel  successfully  several 
stories  of  cupels  at  the  same  time,  but  this  is  not  practicable. 
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Used  simply  as  a  means  of  heat-regulation,  however,  the  eftect- 
iveness  of  this  arrangment  is  remarkable,  and  most  perfect  re- 
sults in  cupellation  can  be  obtained  with  its  aid.  When  the 
shelf  is  slipped  over  a  batch  of  hot  buttons  that  have  just  opened, 
a  shade  passes  over  the  muffle  uniformly,  as  the  temperature 
suddenly  falls.  By  replacing  the  heated  slabs  with  cooler  ones, 
the  temperature  can  be  kept  steady ;  or  if  certain  rows  of  cupels 
are  too  hot,  short  strips  of  slab  can  be  placed  exactly  over  the 
spots  desired.  The  risk  of  getting  the  temperature  so  low  as 
to  "  freeze  "  the  buttons  can  be  avoided  by  placing  dummies, 
or  indicators  in  the  front  rank  of  cupels,  where  the  tempera- 
ture is  lowest.  When  these  show  signs  of  freezing,  it  is  an  in- 
dication that  the  temperature  is  getting  too  low,  and  proper 
steps  must  be  taken  at  once  to  correct  it.  By  then  removing 
the  shelves  entirely,  the  temperature  will  rise  rapidly,  if  the 
fire  is  in  proper  condition,  "  The  Cathedral  Mutfle  "  is  the 
name  given  to  this  design,  from  its  fancied  resemblance,  when 
in  operation,  to  the  interior  of  an  illuminated  church. 
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The  Physics  of  Cast-iron. 

Continued  Discussion  of  the  paper  of  William  R.  Webster.     (See  Vol.  xxv., 
pages  84  and  964. ) 

(Pittsburgh  Meeting,  February,  189C.) 

Note  by  the  Secretary. — The  paper  by  Mr.  Webster,  in- 
augurating: this  discussion,  was  read  at  the  Florida  meeting, 
March,  1895,  and  a  discussion  of  it  was  published  among  the 
papers  of  that  meeting.  To  the  continued  discussion  belong 
the  following  contributions,  issued  as  separate  papers :  "  Stand- 
ard Physicaf  Tests  for  the  Product  of  the  Blast-Furnace,  and 
Their  Value,"  and  "The  Etfect  of  Expansion  on  Shrinkage 
and  Contraction  in  Iron  Castings,"  by  Thomas  D.  West,  Sharps- 
ville,  Pa. ;  "  The  Efl:*ect  of  Additions  of  Titaniferous  to  Phos- 
phoric Iron-Ores  in  the  Blast-Furnace,"  by  A.  J.  Rossi,  ^ew 
York  City ;  and  "  The  Mobility  of  Molecules  of  Cast-iron,"  by 
Alexander  E.  Outerbridge,  Jr.,  Philadelphia,  Pa.  All  of  these 
papers  are  in  the  present  volume. 


C.  R.  Baird  &  Co.,  Philadelphia,  Pa.  (letter  to  Mr.  W.  R. 
Webster)  :  Referring  to  your  inquiry  as  to  the  requests  of  our 
customers  for  analyses  of  pig-iron,  we  beg  to  say  that  until  the 
past  few  years  very  little  attention  was  paid  to  the  chemical 
constituents,  and  founders  generally  believed  that  it  was  neces- 
sary to  use  Xo.  1  X  Foundry-iron  for  the  manufacture  of  small 
castings,  where  softness  and  fluidity  were  essential.  The 
quality  and  fitness  of  iron  for  this  purpose  was  judged  by  the 
appearance  of  the  fracture,  and  very  large  crystals  were  espe- 
cially prized.  An  open-grained,  soft  iron  covered  their  require- 
ments. In  larger  machinery-castings,  No.  2  X  Foundry  was 
mixed  with  Xo.  1  X,  or,  in  many  cases,  used  alone.  It  was 
classified  as  "  somewhat  closer  and  harder  than  Xo.  1  X,"  and 
was  not  as  valuable  as  the  former,  because  the  crystals  were 
VOL.  XXVI. — 64 
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smaller.  The  next  grade  in  price  was  I^o.  2  Plain  Foundry, 
which  was  still  closer  in  grain,  and  was  used  only  for  the 
heaviest  and  cheapest  class  of  castings,  or  as  a  filler  in  connec- 
tion with  the  higher  grades.  The  light-colored,  weak,  high- 
silicon  iron,  made  occasionally  by  every  furnace,  was  regarded 
as  poor  stuff  and  utterly  worthless  for  castings  requiring 
strength  and  good  finishing  qualities.  The  founder  depended 
absolutely  upon  the  size  of  the  crystals  and  the  color  of  the 
fracture,  and,  if  the  iron  looked  all  right,  would,  with  no  other 
guide,  boldly  attempt  the  manufacture  of  any  kind  of  castings, 
even  for  the  most  clifiicult  and  expensive  machinery,  where  de- 
fective castings  might  cause  enormous  loss.  That  such  a  state 
of  affairs  could  have  existed  for  years  seems  almost  incredible, 
but  no  one  will  deny  that  such  was  the  case.  Recently,  the 
greater  knowledge  of  the  effect  of  the  chemical  constituents  of 
iron  has  been  of  immense  advantage  to  founders  ;  and  this  sub- 
ject is  now  regarded  as  of  the  utmost  importance.  The  influ- 
ence of  silicon  is  now  commonly  understood ;  but  although 
other  elements  are  entitled  to  almost  equal  recognition,  they 
rarely  receive  it.  It  has  been  claimed  that  the  appearance  of 
the  fracture,  together  with  a  knowledge  of  the  amount  of  sili- 
con present,  is  all  that  the  founder  requires  to  produce  good  re- 
sults. This  is,  of  course,  better  than  the  old  method,  where 
even  the  amount  of  silicon  was  unknown  ;  but  we  find  that  the 
most  progressive  founders  recognize  the  importance  of  the  other 
elements,  and  request  complete  analyses.  The  consensus  of 
opinion  of  these  customers  is  as  follows: 


Elements. 


Per  cent. 

Graphitic  carbon 3.20 

Combined        "     0.30 

Silicon 2.75 

Phosphorus 0 .60 

Manganese 0.60 

Sulphur ,  0.015 


Proportions  Required. 


II. 


Per  cent. 
3.30 
0.20 
3.00 
0.80 
0.50 
0.01 


III. 


Per  cent. 
2.90 
0.40 
2.  JO 
0.60 
0.60 
0.02 


Per  cent. 
3.00 
0.30 
2.60 
0.80 
0.50 
0.015 


Per  cent. 
3.00 
0.30 
2.50 
0.90 
0.30 
0.02 


I. — 'No.  1  X  Foundry  for  the  manufacture  of  pulleys,  small 
machinery-castings,  etc. 
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n. — 1^0.  1  X  Foundry  for  carrying  harder  pig-iron  or  scrap, 
and  for  making  choice  light  hardware-castings,  etc. 

HI. — Xo.  2  X  Foundry,  for  heavy  machinery-castings,  etc. 

IV. — Xo.  2  X  Foundry,  for  carrying  harder  iron,  and  for  light 
machinery-castings,  stove-plate,  etc. 

V. ^Xo  2  Plain  Foundry.     There  is  a  wide  variation  in  the 

specification  for  this  grade,  which  is  more  frequently  sold  with- 
out guaranty  than  any  other.     Many  furnaces  throw  indiscrim- 
inately into  the  class  of  Xo.  2  Plain  all  iron  that  by  fracture 
will  not  grade  as  Xo.  1  X  or  Xo.  2  X,  and  is  too  open  and  soft 
for  forge-purposes.     By  these  furnace-men  and  by  founders  in 
general,  it  is  regarded  as  an  inferior  iron,  to  be  used  with  cau- 
tion ;  consequently  the  price  is  low,  and  it  is  often  possible  to 
obtain  very  valuable  iron  classified  as  Xo.  2  Plain ;  but  it  is 
probable  that  this  grade  will  vary  largely,  unless  graded  by 
analysis.     The  largest  consumer  of  Xo.  2  Plain  in  this  region 
calls  for  the  analysis  shown  in  column  V.  above,  and  is  able  to 
meet  his  requirements  at  a  low  cost;  but  this  is  at  the  expense 
of  other  consumers,  who  do  not  specify  analysis,  and  conse- 
quently get  lower  carbon  and  lower  silicon,  which  is  oidy  the 
average  run  of  Xo.  2  Plain  iron.     You,  of  course,  realize  the 
necessity  of  great  variation  in  the  specifications  of  the  difterent 
elements  in  iron  for  widely  different  purposes.     Where  low- 
grade  pig-iron  or  scrap  can  be  secured  at  a  low  price,  many  use 
a  laro*e  percentage  of  the  same  in  connection  with  iron  contain- 
ing as  high  as  12  per  cent,  of  silicon,  with  most  satisfactory 
results.    Where  great  fluidity  is  especially  required,  regardless 
of  strength,  iron  very  high  in  phosphorus  is  called  for,  etc. 
Owing  to  the  fact  that  we  handle  the  output  of  twenty-six  fur- 
naces, which  produce  all  descriptions  of  pig-iron,  and  that  we 
are  very  frequently  obliged  to  furnish  complete  mixtures  for 
various  classes  of  castings,  we  have   recently  established  our 
private  laboratory,  in  charge  of  a  competent  chemist,  and  now 
make  mixtures,  and  combine  these  widely  difterent  irons  en- 
tirely by  analysis.     We  gladly  furnish,  free  of  charge,  a  com- 
plete guaranteed  analysis  of  not  only  our  own  brands,  but  of 
any  pig-iron,  castings  or  coke  that  founders  may  send  us.    We 
find  this  method  by  far  the  most  accurate  and  satisfactory  way 
of  ascertaining  the  value  of  the  difterent  grades,  and  we  think 
the  subject  is  worthy  of  the  most  careful  attention  of  all  melters 
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of  iron.  In  this  connection,  we  beg  to  say  that  if  we  can  be 
of  any  assistance  to  them  it  will  give  us  great  pleasure  to  place 
our  laboratory  at  their  disposal. 

Edward  K.  Landis,  Philadelphia,  Pa. :  In  connection  with 
the  discussion  of  the  physics  of  cast-iron,  the  following  ab- 
stract of  the  results  of  investigation  of  the  influence  of  the 
difterent  elements,  taken  chiefly  from  the  latest  edition  of 
Prof.  Ledebur's  treatise,  may  be  of  interest.  This  edition  ap- 
peared in  1895,  and  doubtless  many  members  do  not  yet  pos- 
sess it. 

Carbon. — The  afiinity  of  iron  for  carbon  is  strong;  hence  all 
commercial  iron  contains  carbon,  though  in  some  varieties  of 
malleable  iron  the  carbon  is  less  than  0.1  per  cent.  "When  ig- 
nited with  coal  or  carbonaceous  solids,  iron  will  absorb  carbon 
to  a  degree  dependent  upon  the  temperature.  Many  hydro- 
carbons, as  well  as  cyanogen  and  the  cyanides,  likewise  yield 
carbon  to  iron  when  heated.  Carbonic  oxide,  however,  does 
not  behave  in  this  way,  although,  at  low  temperatures,  carbon 
may  be  deposited  from  carbonic  oxide  upon  iron  which  still 
contains  iron  oxides.  In  this  case  the  carbon  does  not  imme- 
diately unite  with  the  iron.  IRotwithstanding  the  afiinity  above 
mentioned,  the  amount  of  carbon  which  iron  will  absorb  is 
limited,  not  exceeding  4.6  per  cent,  (generally  not  more  than 
4  per  cent.)  of  its  weiglit.  Manganese  increases  the  absorption 
of  carbon ;  silicon  and  sulphur  decrease  it,  as  does  also  phos- 
phorus, but  not  so  much  as  the  others.  Iron  containing  silicon 
or  sulphur  never  contains  as  much  carbon  as  the  maximum  for 
the  kind  of  iron.  These  elements  replace  carbon  nearly  in  the 
ratio  of  their  atomic  weights :  one  part  silicon  replaces  f  part 
of  carbon ;  one  part  of  sulphur  replaces  |  part  of  carbon.  Al- 
loys of  iron  containing  10  to  20  per  cent,  of  manganese  may, 
in  the  absence  of  unfavorable  ingredients,  carry  5  per  cent,  of 
carbon,  or  somewhat  more;  with  35  per  cent,  of  manganese 
the  carbon  maybe  5.5  per  cent.;  with  50  per  cent,  of  manganese, 
6  per  cent. ;  with  65  per  cent,  of  manganese,  6.5  per  cent. ;  with 
80  per  cent,  of  manganese,  7  per  cent. ;  with  90  per  cont.  of 
manganese,  7.5  per  cent,  of  carbon  (and  hence  only  about  2.5 
per  cent,  of  iron).  On  the  other  hand,  iron  with  2  per  cent,  of 
silicon  and  no  manganese  seldom  contains  more  than  3.8  per 
cent,  of  carbon  ;   and  the  carl)on  in  ferro-manganese  containing 
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50  per  cent,  of  manganese  and  2  per  cent,  of  silicon  docs  not 
much  exceed  5  per  cent.  In  a  pure  iron  with  4  per  cent,  of 
carhon  a  small  amount  of  silicon  separates  graphite.  If  only 
1  per  cent,  of  carbon  is  present,  several  per  cent,  of  silicon 
may  be  present  before  the  graphite  can  be  observed.  Man- 
ganese and  sulphur  prevent  graphite  formation.  The  more 
manganese  or  sulphur  present  the  greater  the  amount  of  silicon 
required  to  }iro(luce  graphite.  The  eftect  of  the  total  per- 
centage of  carbon  in  iron  is  to  lower  the  melting-point. 

Silicon  lowers  the  saturation-point  for  carbon  and  causes 
graphite  separation.  It  also  lowers  the  melting-point,  but  less 
than  carbon. 

Manganese  increases  the  saturation-point  for  carbon,  but  pre- 
vents graphite-formation.  Manganese  and  silicon  have  oppo- 
site eftects  on  graphite.  Manganese  increases  hardness  and 
brittleness  by  increasing  combined  carbon.  In  large  amounts 
it  raises  the  melting-point.  Manganiferous  pig-iron  has  a  ten- 
dency to  absorb  large  quantities  of  gases,  and  thus  produce 
blow-holes  in  the  casting. 

Sulphur  reduces  the  total  carbon.  In  large  amounts  it  tends 
to  produce  low-carbon  white  iron.  A  few  tenths  of  1  per  cent, 
of  sulphur  show  this  influence.  In  re(Uicing  the  saturation- 
point  for  carbon,  sulphur  acts  like  silicon,  but  has  an  opposite 
eftect  to  silicon  in  regard  to  graphite.  It  lowers  the  melting- 
j)oint. 

Phosphorus. — Iron  phosphides  without  carbon  are  generally 
refractory;  but  high-carbon  irons  are  more  fusible.  Phos- 
phorus increases  fluidity  and  hardness,  but  not  as  much  as 
carbon.  It  lowers  the  melting-point.  As  silicon  tends  to  form 
graphite,  a  high-silicon  iron  may  contain  more  phosphorus  than 
a  low-silicon,  low-graphite  iron. 

Moissan*  has  shown  that  the  amount  of  carbon  in  pig-iron 
rises  with  the  temperature  at  which  the  iron  is  formed.  Ferro- 
manganese  and  spiegel  contain  more  carbon  than  pig-iron,  and 
require  a  high  temperature  for  their  formation.  It  seems  ditfl- 
cult  to  determine  whether  the  high-carbon  is  produced  by  the 
presence  of  manganese  per  se,  or  by  the  high  temperature  re- 
quired. Moissan  found  the  graphite  in  a  gray  pig-iron  to  con- 
tain from  80  to  85  per  cent,  of  carbon  and  1.30  per  cent,  of 

*  Comptes  Rerulus,  vol.  110,  p.  1245,  December,  1894. 
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ash,  while  graphite  produced  by  adding  sihcon  contained  98.82 
per  cent,  of  carl m mi  and  0.85  per  cent,  of  ash.  The  Larger 
amount  of  ash  in  the  first  case  might  have  been  caused  by  the 
presence  of  other  elements ;  and  if  this  is  the  case  it  would  ex- 
plain the  difference  between  iron  naturalh'  gray  and  iron  made 
gray  by  the  addition  of  silicon. 

Moissan  says  also  that  tlie  higher  the  temperature  at  which 
grapliite  is  formed  the  purer  the  graphite  and  the  more  refrac- 
tory towards  oxidizino-  ao;ents ;  also  that  the  small  amount  of 
hydrogen  present  diminishes  with  the  purity.  Hitherto  it 
seems  to  have  been  taken  for  granted  that  all  graphites  were 
alike ;  but  Moissan's  researches  show  that  this  is  not  the  case. 

Prof.  E.  C.  Carpexter,  Ithaca,  i^s".  Y.  (communicated  by  Mr. 
William  Kent) :  Modulus  of  Elasticity  in  Transverse  Tests. — By 
a  study  of  the  automatic  diagrams  obtained  in  the  use  of  Keep's 
testing-machine  about  three  years  -ago,  the  writer's  attention 
was  called  to  the  following  peculiar  action  of  cast-iron  after 
being  strained.  From  the  diagrams,  the  writer  was  led  to 
believe  that  after  cast-iron  had  been  strained  l\v  the  application 
of  a  load  of  any  magnitude  whatever,  it  received  a  certain  set 
or  deformation,  but  if  that  load  were  removed  and  a  second  one 
applied  which  did  not  exceed  the  first,  the  cast-iron  would  be- 
have, within  the  limits  to  which  it  was  first  strained,  like  a  per- 
fectly elastic  material.  At  my  request,  this  property  was  inves- 
tigated for  larger  specimens  by  Mr.  C.  E.  Houghton,  who 
confirmed  in  nearly  every  particular  the  conclusions  drawn  from 
a  study  of  the  diagrams  from  the  Keep  machine. 

This  peculiar  action  is  best  exhibited  by  a  diagram.  Fig.  1, 
in  which  distances  measured  parallel  to  the  Y-axis  denote  stress 
applied  to  rupture  the  material,  and  distances  parallel  to  the 
X-axis  denote  the  corresponding  deflection  produced.  The 
stress-and-strain  diagram  is  represented  by  a  curve,  A  C  B,  no 
portion  of  which  is  a  straight  line.  Had  the  material  been  per- 
fectly elastic,  the  deflection  would  have  been  proportional  to 
the  applied  load,  and  the  diagram  would  have  been  a  straight 
line.  Thus,  for  instance,  if  the  deflection  had  been  maintained 
at  the  same  rate  as  in  the  initial  application  of  load,  the  stress- 
and-strain  diagram  would  have  been  represented  by  a  straight 
line,  tangent  to  the  beginning  of  the  curve  and  represented  on 
the  (liaiiTam  bv  A  S.     Had  the  material  been  of  the  same  stiff- 
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ness  as  reprosented  bv  that  line,  wo  should  have  ha<l  a  deflec- 
tion  A  D,  with  au  appliration  of  a  load,  V  D ;  but,  because  of 
the  lack  of  elasticity,  we  actually  obtain  that  deflection  with  the 
application  of  a  smaller  load,  P  D.  If  now  the  entire  load  be 
removed  from  the  specimen,  it  will  not  regain  its  original  torm, 
but  Nvill  be  found  to  have  a  permanent  set,  A  R.  If  a  load  be 
applied  intermediate  in  amount  between  nothing  and  the  origi- 


'l^B 


;^  R  D  F 

Diagrams  Showing  Strains  and  Sets  of  Cast-iron. 

nal  load,  P  D,  the  deflection  will  be  found  to  be  almost  directly 
proportional  to  the  load  within  these  limits ;  that  is,  the  material 
is  elastic  for  any  subsequent  loads  less  than  P  D,  and  the  strain- 
diagram  becomes  P  R.  A  series  of  investigations  proved  that 
this  phenomenon  held  good  nearly  to  the  breaking-point  of  the 
material;  that  in  every  case  the  material  seemed  to  be  rendered 
very  nearly  perfectly  elastic  by  an  application  of  a  load;  and 
that  the  elastic  limit  varies  in  amount  proportional  to  the  mag- 
nitude of  the  load. 

We  may  call  the  straight  lines,  P  R,  G  F  and  K  11,  elasticity- 
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lines,  und  we  find  thut  those  lines  are  not  exactly  parallel,  but 
make  a  slightly  increasing  angle  of  inclination  for  increasing 
loads.  The  tangent  of  the  angle  of  inclination  of  these  lines 
would  he  the  modulus  of  elasticity  within  the  given  limits  of 
loading,  which  we  would  find  from  this  investigation  to  decrease 
slightly  with  increase  of  load. 

These  elasticity-lines  are,  however,  very  nearly  parallel  and 
(until  the  load  exceeds  half  the  hreaking-loacl)  nearly  straight; 
and  they  seem  to  the  writer  to  represent  very  fairly  the  modu- 
lus of  elasticity  of  the  material  after  being  strained. 

Asa  W.  Whitney,  Philadelphia,  Pa. :  By  the  use  of  Mr. 
Webster's  method  of  noting  the  chemical  and  physical  character 
of  each  test-piece  upon  a  separate  card,  the  following  almost 
identical  compositions  have  been  picked  out  from  a  number  of 
wheel-mixture  tests,  written  up  for  study.  It  is  not  remarkable 
that  the  transverse  strength  and  the  contraction  should  agree 
so  closely  in  difterent  casts.  That,  of  course,  frequently  occurs 
with  very  considerable  diflerence  of  chemical  analysis,  composi- 
tions considerably  difterent  being  counted  upon  to  give  nearly 
equal  physical  character  in  my  system  for  practical  iron-mixing 
by  analysis  only.  But  it  first  appears  to  be  worth  while  to  show 
that,  under  the  same  conditions,  the  same  composition  may  be 
expected  to  give  the  same  physical  character. 

The  individual  irons  charged  in  the  mixtures  from  which 
these  tests  were  cast  were  not  alike  in  grade,  kind  or  chemical 
analysis;  but  the  calculated  chemical  percentage-compositions 
of  the  charge  on  the  given  dates  were  identical,  in  the  case  of 
carbon  and  silicon,  to  the  second  decimal  inclusive ;  in  the  case 
of  manganese  to  the  first  decimal  inclusive ;  and  in  that  of  sul- 
phur to  about  the  same  degree.  The  details  of  the  charge-mix- 
tures are  not  given,  as  it  may  not  be  advisable,  for  commercial 
reasons,  to  expose  the  relations  of  these  details  to  the  resultant 
castings. 

The  conditions  of  molting  were  almost  identical,  as  were  those 
of  moulding,  pouring  and  cooling.  The  gray  bars  are  hexago- 
nal, 4  square  inches  in  sectional  area  and  12  inches  long  be- 
tween supports,  and  the  chilled  bars  rectangular,  4  square  inches 
in  sectional  area  and  12  inches  between  supports.  Gray  bars 
are  totally  gray,  and  chilled  bars  are  totally  white  (chilled 
through).     They  are  the  same  shapes  referred  to  in  my  contri- 
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bution  to  this  discussion  for  the  Florida  Meeting  hist  March. 
They  are  cast  very  close  to  size,  but  not  corrected  for  any  small 
variations  or  roughness  of  surface.  Appreciable  variations 
or  flaws  would  have  been  noted.  The  figure  for  resilience  is 
only  appn)xiniately  correct,  partly  because  an  average  weight 
of  bar  is  assumed  in  the  formula, 


stress  X  deflection 
2  X  pounds  per  bar 


=  inch-pounds  per  pound  of  metal. 


The  chilled  bars  may  not  have  been  poured  from  the  same 
hand-ladle  of  iron,  but  were  poured  within  a  minute  of  the  gray- 
bar  in  each  case,  and  before  another  tap  of  iron  into  the  large 
mixing-ladle.  These  bars  are  always  poured  as  hot  as  prac- 
ticable. 

Comjmratice   Tests  from  Different  3Iixtures  I.  and  IT. 

(Being  A.  Whitney  and  Sons'  Kegular  Wheel-Mixtnre  of  Nearly  Identical 
Chemical  Composition.     Middle  of  Melt  on  Each  Date.) 

Date  of  Casting:  I.,  September  12,  1895;  II.,  October  1,  1895. 


Analysis. 

Physical  Tests. 

Per  cent. 

Gray  Bar. 

Chilled  Bar. 

I. 

II. 

I. 

II. 

I. 

11. 

C 

Si 

Mn 

3.799 

o.fioe 

0.4«.T 
0.3J8 
0.106 

3.799 

n.fi02 

0.4S3 

Stress,  pounds 

Modiilu-!  of  rupture,  pounds 

KpsiliciU'H.  iiifh-Douiids  iht  imund 

2fi,noo 

57,700 
109.3 
0.14 

25,500 

56,590 

80.9 

0.14 

14,000 

42.000 

10.8 

0.24 

16,500 

49,500 

H.l 

0.22 

P 

0.32.5  jContraction,  inches  in  VI  iuclies 

0.088  1 

S 

Average  tape*  of  3?- inch  wlieels  (dependent  on  the  contraction  of  the   iron), 
inches:  I.,  117  ;  II.,  117. 

Depth  of  chill  in  inches  :  I.,  i  to  | ;  II.,  i  to  |. 

The  unchilled  bars  were,  in  both  cases,  good  open,  gray  iron. 

On  both  the  dates  given  in  the  above  table,  wheels  were 
made  from  the  respective  mixtures  for  the  Pennsylvania  and 
the  Philadelphia  and  Reading  Railroads,  and  passed  inspection. 
The  specifications  of  the  Pennsylvania  Railroad  Company  are 
appended  to  this  communication,  as  an  interesting  and  valuable 
record  of  practice.     They  were  issued  in  June,  1891,  replacing 

*  That  is,  measurement  by  steel  tape  around  circumference. 
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earlier  specifications  of  the  same  company,  issued  in  1888,  and 
representing  the  results  of  later  study  on  the  part  of  the  com- 
pany's experts,  and  added  experience  in  the  use  of  cast-iron 
wheels  over  thousands  of  miles  of  track.  The  specifications  of 
the  P.  &  E.  R.Ii.  are  practically  equivalent  to  those  of  the  Pa. 
R.R. 

Tlie  above  instance  indicates  the  practicability  of  obtaining 
castings  of  the  same  qualities  from  difterent  mixtures,  by  com- 
bining the  constituent  pig-irons  in  such  proportions  as  to  se- 
cure from  the  total  mixture  approximately  the  same  chemical 
composition.  This  simple  synthetic  method  is  independent  of 
the  question,  what  may  be  the  nature  and  degree  of  the  influ- 
ence of  each  separate  element,  and,  taken  by  itself,  the  above 
example  throws  no  light  on  that  question.  It  is  merely  one, 
out  of  innumerable  instances  which  might  be  given,  to  prove 
the  direct  and  controlling  relation  between  the  chemical  com- 
position and  the  physical  qualities  of  cast-iron.  This  question 
is,  after  all,  the  fundamental  one,  even  to  science ;  for  if  a  given 
chemical  composition  does  not  yield  always,  under  similar 
treatment,  the  same  physical  qualities,  it  is  comparatively  use- 
less, as  well  as  impracticable,  to  attempt  to  estimate  the  relative 
and  separate  efl:ects  of  its  several  constituents.  To  the  prac- 
tical founder,  the  proof  that  a  composition  once  shown  to  pro- 
duce the  desired  result  may  always  be  depended  upon  to  do  so, 
no  matter  what  original  irons  may  have  been  fused  to  make  the 
mixture  having  that  composition,  is  of  the  highest  practical  im- 
portance, as  delivering  him  from  traditional  superstitions  con- 
cerning the  mysterious  qualities  of  certain  special  ores  and 
brands  of  })ig. 

As  implied  in  the  first  paragraph  of  these  remarks,  a 
further  step  in  the  application  of  scientific  principles  to  the 
founder's  l)usiness  lies  in  the  discovery  that  practical  simi- 
larity in  the  desired  physical  qualities  maybe  secured  from  dif- 
ferent compositions.  This  bears  upon  the  diflicult  problem  of 
determining  not  only  the  qualitative,  but  also  the  quantitative- 
effect  of  each  ingredient,  and  (most  difficult  of  all)  the  modifi- 
cation of  such  effects  by  the  presence  and  amount  of  other  in- 
gredients. I  am  not  prepared  to  ])resent  at  this  time  any  digest 
of  the  results  of  practice  likely  to  throw  light  upon  this  com- 
plicated question.     But  I  will  otter  the  following  instance,  indi- 
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eating  tliat  minute  changes  in  chemical  composition  may  he 
accompanied  with  decided  difterences  in  physical  appearance. 
Tlu'  case  is  hut  one  of  a  numher  which  have  come  under  my 
notice,  all  of  whieh,  though  (littering  considerahly  in  details, 
indicate  sensitiveness  to  small  variations  in  composition. 

Anah/ses  of  Different  Parts  of  the  Same  Pig,  Per  Cent. 

C.  Si.  Mn.  p.  S. 

I.,       .    4.339  ('.193  ].(27  0.2'i3  0.(2  or  less. 

II.,       .    4.255  0.122  1.016  0.273  0.02      " 

I.  The  gray  part  of  the  pig  ;  dark,  open  and  soft  II.  A  spot,  occupying  two- 
thirds  of  tlie  sectional  area  of  the  center  of  the  pig,  and  the  bottom  ;  wliite,  but 
not  very  hard. 

This  is  far  less  variation  than  is  often  found  in  different  parts 
of  a  gray  pig  or  casting.  Yet,  notwithstanding  this  apparent 
uin-eliability,  such  irons  may  be  safely  used  for  any  purpose  if 
properly  mixed  with  suitable  other  irons. 

As  stated  in  my  contribution  of  a  year  ago  to  this  discussion, 
the  control  by  chemistry  of  all  our  regular  and  special  mixtures 
since  January,  1892,  is  due  to  an  increasing  knowledge  of  what 
I  may  term  the  qualitative  value  of  various  compositions  l)y 
means  of  a  general  key,  whieh  when  c-losely  worked  out  will 
doubtless  explain  quantitatively  even  the  most  puzzling  cases. 
By  practice  and  continual  study  with  this  key,  applied  to  the 
comparison  of  analyses  since  1884,  a  general  practical  judg- 
ment of  the  quantitative  value  also  of  various  compositions,  has 
been  obtained  by  the  writer,  enabling  him  to  use  the  elements 
and  their  apparent  combinations  in  cast-iron  as  units  with  prac- 
tical certainty  and  economy,  and  over  a  far  greater  range  of 
material  and  product  than  he  could  attain  by  considering  each 
particular  grade  and  appearance  of  iron  as  a  unit. 

Mr.  William  R.  AVebster  was  recently  engaged  to  tabu- 
late this  work  for  us,  whereupon  our  Mr.  C.  F.  Fisher,  my 
assistant  since  1891,  became  further  interested  in  the  work,  and 
by  Mr.  AVebster's  method  of  writing  up  records  and  his  own 
study  thereon,  he  has  made  a  good  start  upon  a  table  to  show 
the  transverse  strength  of  our  regular  hexagon  bar  when  the 
complete  analysis  is  given. 

By  the  application  of  these  tables  and,  in  many  cases,  i^i  a 
more  direet  manner,  from  study  and  from  some  work  kept  in 
hand  by  the  writer  as  opportunity  has  offered  since  1889   on 
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grade  in  general,  strength  and  chill,  the  results  of  this  system 
of  iron-mixing  will  eventually  be  even  more  exact  through  a 
range  of  character  covering  all  classes  of  castings,  the  diifering 
conditions  of  manipulation  being  properly  taken  into  account. 

In  evidence  of  continued  success  in  the  preparation  of  cast- 
ing-mixtures for  special  strength,  coupled  with  excellent  tooling- 
quality  and  capacity  for  fine  finish,  I  may  instance  four  special 
mixtures,  made  up  at  our  works  since  January  1,  1896,  by  calcu- 
lation from  analyses  only  of  stock  on  hand  and  of  various  cast- 
ings of  approximately  the  desired  character,  to  secure  high 
strength  and  proper  softness.  Two  of  them,  warranted  to  have 
a  tensile  strength  of  at  least  30,000  pounds  per  square  inch,  gave 
respectively  37,400  and  87,000  pounds,  in  test-pieces  turned 
from  castings  2  inches  in  diameter  and  9  inches  long.  The 
other  two  were  expected  to  show  a  tensile  strength  of  over 
30,000,  and  actually  exhibited  35,840  and  35,750  pounds  per 
square  inch,  on  similar  test-pieces,  turned  from  the  center  of 
half  the  regular  hexagonal  bar  of  4  square  inches  sectional 
area. 

A  few  days  ago,  I  learned  that  the  bottle-mould  made  by  us, 
and  referred  to  in  my  contribution  to  this  discussion  at  the 
Florida  meeting,  is  not  yet  worn  out,  after  twenty-two  months' 
service ;  from  two  to  three  months  being  the  service  obtained 
from  other  compositions. 

Specificiitlons  of  the  Pa.  R.  R.  Co.  for  33-mc/t  C-isl-Iron  Wheels. 

Design. — The  design  of  wheels  must  be  such  that  they  will  be  in  accordance  with 
the  measurements  shown  in  the  drawings  accompanying  these  specifications,  and 
also  such  that  tlie  wheels  made  from  them  shall  weigh  not  less  than  540  pounds 
nor  more  than  o75  pounds  each.  The  use  of  brackets  in  ring-core  surrounding 
the  hub  will  not  be  permitted. 

Marks. — Each  wheel  must  have  plainly  cast  upon  it  the  name  of  maker,  and  on 
the  inside  double  plate  the  date  of  casting  and  a  serial  number.  No  wheel  bear- 
ing a  duplicate  number  or  upon  which  the  number  is  not  distinct  will  be  accepted, 
nor  shall  one  or  more  figures  contained  in  the  number  be  altered  or  removed  to 
avoid  this  clause.  Numbers  made  vacant  by  a  rejection  or  otherwise  must  not  be 
filled. 

ChWs. — All  chills  must  have  the  same  inside  profile,  as  per  accompanying  draw- 
ing, their  inside  diameter  measured  at  throat  must  be  the  same,  and  they  must  be 
truly  circular.  Chills  in  wliicli  checks  or  fire-cracks  are  more  than  j'^  inch  wide 
and  over  2  inches  long,  so  as  to  produce  undulations  in  the  contour  of  the  tread 
or  flange  of  wheels  cast  in  them,  will  not  be  considered  as  suitable  for  their  pur- 
pose, and  wheels  made  from  them  will  be  rejected. 

Inspection. — All  wheels  offered  for  inspection  nuist  be  mcjisurotl  with  a  Pa.  R.  R. 
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standard  tape-measure,  and  must  liave  the  shrinkage-nnmher  stencilled  in  plain 
figures  on  the  inside  double  plate  of  the  wheel.  When  ready  for  inspection,  the 
wheels  should  be  arranged  in  rows  according  to  shrinkage-numbers,  all  wheels  of 
the  same  date  being  grouped  together.  All  wheels  must,  during  inspection,  receive 
three  heavy  blows  with  a  6-pound  sledge  at  as  many  different  points  under  the 
flange  between  the  brackets  without  cracking  the  flange  or  brackets  ;  and  this 
must  be  rigidly  enforced,  especially  with  wheels  showing  high  shrinkage.  No 
wheel  will  be  accepted,  the  circumference  of  which  is  more  than  If  inches,  or 
less  than  ^  inch,  smaller  than  that  of  the  chill  in  which  it  is  cast.  If  wheels  are 
presented  which  have  been  made  in  contracting-chill,  the  limit  of  shrinkage  will 
be  2  inches.  Each  wheel  must  be  so  nearly  circular  that  when  a  true  metallic 
ring  is  placed  on  the  tread  and  bears  somewhere  on  the  cone,  it  shall  at  no  part 
of  the  circumference  stand  more  than  y'g-inch  away  from  the  tread.  Body  of 
wheel  must  be  smooth  and  free  from  slag  and  blow-holes,  and  hubs  must  be  solid 
and  free  from  drawing.  Tread  and  throat  of  wheel  must  be  smooth,  free  from 
deep  and  irregular  wrinkles,  slag,  sand-wash-  and  chill-cracks,  and  throat  must 
be  practically  free  from  sweat.  Wheels  tested  must  show  soft,  clean  gray  iron, 
free  from  defects,  such  as  holes  containing  slag  or  dirt  more  than  ]-inch  in  dia- 
meter, or  clusters  of  such  holes  ;  honey-combing  of  iron  in  the  hub  ;  white  iron 
in  the  plates  or  hub  ;  or  clear  white  iron  around  anchor  or  chaplcts  at  a  greater 
distance  than  i-inch  in  any  direction.  The  depth  of  clear  white  iron  must  not 
exceed  l-inch  at  throat  and  1  inch  at  middle  of  tread,  nor  be  less  than  |-inch  at 
throat  and  |-inch  at  middle  of  tread.  The  blending  of  the  white  iron  with  the 
gray  iron  behind  it  must  be  without  any  distinct  line  of  demarcation,  and  the  iron 
must  not  have  a  mottled  appearance  in  any  part  of  thft  wheel,  at  a  greater  distance 
than  1|  inches  from  the  tread  or  throat.  Wheels  inspected  and  tested,  and  fail- 
ing to  meet  these  requirements  in  any  particular  will  be  sufficient  cause  for  the 
rejection  of  all  wheels  which  they  represent,  in  like  manner  as  those  failing  to 
stand  the  test  for  strength. 

Test. — For  each  fifty  (or  fraction  thereof)  wheels  that  pass  inspection  and  are 
ready  for  shipment,  one  wheel  shall  be  selected  by  this  Company's  inspector,  and 
subjected  to  the  following  test:  The  wheel  shall  be  placed,  flange  downward  on 
an  anvil  block  weighing  not  less  than  1700  pounds,  set  on  rubble  masonry  2  feet 
deep,  and  having  three  supports  not  more  than  5  inches  wide  for  the  flange  of  the 
wheel  to  rest  upon  ;  it  shall  be  struck  centrally  upon  the  hub  by  a  weight  of  140 
pounds  falling  from  a  height  of  12  feet.  Should  the  wheel  break  in  two  or  more 
pieces  after  eight  blows  or  less,  all  the  wheels  represented  by  this  test-wheel  will 
be  rejected  ;  in  this  case,  the  inspector  may,  if  he  so  elect,  consider  the  wheel 
tested  to  represent  all  of  the  wheels  of  the  same  shrinkage-number  and  date  of 
casting,  and  will  be  at  liberty  to  test  in  the  same  manner  one  extra  wheel  of  each 
and  every  other  shrinkage-number  of  the  wheels  cast  on  the  same  day.  Should 
the  wheel  tested  stand  eight  blows  without  breaking  in  two  or  more  pieces,  the 
wheels  represented  by  it  will  be  accepted,  and  may  be  shipped  ;  provided,  how- 
ever, that  the  I'equirements  in  regard  to  depth  and  uniformity  of  chill  are  met ; 
but  in  all  cases  shipments  will  be  subject  to  return  of  such  wheels  as  are  found, 
upon  boring  and  mounting,  to  be  below  these  specifications  in  any  respect.  It 
shall  always  be  the  privilege  of  this  Company's  inspector  to  test  one  wheel  from 
each  day's  foundry-work.  A  machine  for  making  these  tests  is  shown  in  the  ac- 
companying drawing,  and  manufacturers  furnishing  wheels  to  this  Company  will 
be  required  to  provide  one  of  these  machines  and  furnisli  wheels  for  test  as  well 
as  such  facilities  to  this  Company's  inspector  as  will  enable  him  to  inspect  and 
test  wheels  promptly. 
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Note. — After  receiving  10  blows  of  the  Pa.  R.R.  drop  ahove 
described,  the  wheels  are  rolled  to  another  drop  of  700  pounds, 
falling  10  feet,  and  require  1  to  5  (usually  2  or  3)  blows  of 
this  to  break  them  into  two  pieces.  Occasionally  they  are 
broken  at  the  Pa.  R.R.  drop,  requiring  usually  from  15  to  40 
(frequently  as  much  as  50,  and  in  some  cases  75  to  100)  blows 
of  that  drop.  One  wheel  endured  425  blows  of  the  Pa.  TI.R. 
drop  (though  the  first  crack  appeared  at  the  20th  l)low) ;  and  3 
blows  of  a  500-pound  drop  falling  10  feet  were  then  required 
to  break  it  into  two  pieces. 

William  R.  Webster,  Philadelphia,  Pa. :  In  1889  Mr.  John 
R.  Whitney,  of  INIessrs.  A.  Whitney  &  Sons,  Philadeljjhia,  made 
a  number  of  expansion  and  shrinkage  tests  upon  molten  and 
solidifying  cast-iron.  He  referred  to  this  investigation  in  the 
discussion  of  an  article  entitled  "  Behavior  of  Iron  in  Solidify- 
ing," in  the  National  Car  and  Locomotive  Builder,  May,  1889. 


Fig  3. 


Woodstock  No  3.  Expansion  and  Shrinkaqe  Test,  May  27, 1889. 
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Messrs.  A.  Whitney  &  Sons  have  furnished  me  with  the  full 
records  of  this  investigation,  and  I  have  plotted,  in  Figs.  2  and 
3,  the  results  of  two  of  the  tests  in  which  all  the  conditions 
were  the  same,  except  the  irons  used.  In  the  first  case,  Ilinkle 
No.  3  (Lake  Superior  charcoal)  was  used,  and  in  the  second 
"Woodstock  No.  3  (Alabama  charcoal). 

Bars  2|  inches  wide  by  3||-  inches  deep  and  3  feet  1|  inches 

Fig.  4. 


Wliitney's  Apparatus  for  Testing  Expansion  and  Shrinkage. 
Casting,  3  feet  Ij  inches  long,  2f-  inches  wide,  and  3}|  inches  deep. 

long  were  cast  in  a  closed  flask.  The  cope  was  not  removed 
in  either  case  until  the  next  morning,  when  the  castings  were 
too  hot  to  handle  with  bare  hands. 

Figs.  4  and  5  show  the  apparatus  used  and  general  arrange- 

FiG.  5. 


With  two  indicators  and  a  casting  3  ■l'i"long  Indicator  No.  2. 

each  Hi"division  of  scale  =.0l"per6"o£  casting:,  add  the  readings  of  Nos.  1  and  2 
indicators  to  get  the  reading  per  foot  of  casting. 

EXPANSION  SHRINKAGE 
oo    20   18   16     U    18    10     8     fi      i      2     0      <>     a      .      „ 
"      Ut  IS  U    16 


Graduated  Scale.     One-half  of  Natural  Size. 

ments  of  pointers,  etc.  Pieces  of  electric-light  carbon  were 
used  in  each  end  of  the  casting.  When  so  arranged,  each 
^-inch  division  of  the  scale  of  each  indicator  represents  a  mo- 
tion of  0.01  inch  per  6  inches  of  casting.  To  obtain  the  ex- 
pansion or  slirinkage  per  foot  at  any  given  time,  add  the  read- 
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ings  of  tlie  two  indicators  at  tliat  time  together.  The  sign  + 
indicates  expansion  and  the  sign  —  indicates  shrinkage. 

The  ekK'trical  attachment  and  galvanin^ieter  were  nsed  in 
order  to  check  the  eontact  of  iron  and  earbon.  The  eontact 
was  not  broken  in  any  case. 

In  Figs.  2  and  3  the  expansions  are  plotted  above  the  hori- 
zontal lines  and  the  contractions  below  the  horizontal   lines. 

Fk;.   6. 


Remains  of  Whitney  Apparatus  of  1889. 

The  figures  given  in  the  columns  at  the  left  side  represent 
thirty-seconds  of  an  inch  on  the  scale  of  the  indicator.  The 
time  of  each  observation  is  given  on  the  liorizontal  line.  This 
is  given  for  each  pointer,  and  at  the  top  of  the  diagram  for 
both  added  together. 

In  the  case  of  the  Hinkle  iron  you  will  notice  two  expan- 
sions, while  in  the  Woodstock  iron  there  is  only  one  expansion. 
In  all  the  17  tests  made,  the  Ilinkle  iron  was  the  only  one  that 
showed  this  second  expansion.  All  the  others  showed  the  first 
expansion,  similar  to  the  Woodstock  iron. 

Fig.  6  is  from  a  photograph,  showing  the  remains  of  the  ap- 


VUL.   XXVI. 
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paratus  for  testing  expansion  and  shrinkage  used  at  the  Whit- 
ney works  in  1889.  Both  pointers  were  originally  like  the 
one  on  the  right  in  the  figure.  A  weight  of  ahout  5  pounds 
was  hung  on  the  projecting  iron  rod. 

Mr.  Whitney's  attention  having  been  called  to  the  experi- 
ments of  Mr.  Wrightson  and  of  Mr.  Charles  Markham,  given 
in  their  papers  before  the  Iron  and  Steel  Institute  in  1879, 
1880  and  1881,  he  stopped  his  investigation  on  finding  that  so 
much  had  been  done  by  others,  and  that  it  was  necessary  to 
measure  the  width  and  thickness  before  any  reliable  results 
could  be  obtained.  I  call  particular  attention  to  this  in  view 
of  the  recent  investigations  in  this  same  line  of  work,  which 
involved  the  same  defect. 

Mr.  Markham  stated  that  Sir  Lowthian  Bell,  in  his  experi- 
ments (on  6-inch  cylinders,  72  inches  long)  found  that  cast-iron 
expanded  for  an  hour,  whereas  he  (Mr.  Markham)  showed  in 
his  experiment  (on  4-inch  cylinders,  9  feet  4  inches  long,  and 
rectangular  pieces  4  by  5  inches  and  30  feet  long)  that  no  ex- 
pansion took  place  after  the  iron  was  run. 

Mr.  Wrightson  called  attention  to  the  important  fact  that 
Mr.  Markham  had  not  taken  any  measurements  of  width  and 
thickness,  and  therefore  could  not  show  either  increase  or  de- 
crease in  volume. 

As  this  matter  now  stands,  we  need  more  light  on  it  before 
drawing  any  general  conclusions  from  a  few  observations. 

William  Kent,  Passaic,  N.  J.:  Mr.  Outerbridge's  paper,  it 
seems  to  me,  is  one  of  the  most  remarkable  ever  presented  to 
the  Institute,  bringing  forward,  as  it  does,  new  ideas.  Mr. 
Outerbridge  tapped  a  bar  3,000  times,  and  he  says  that  the 
tapping  strengthened  it.  If  he  had  kept  on  tapping  it  for 
3,000,000  times  he  might  have  disintegrated  it  and  broken  it 
up.  It  would  be  well  to  determine  whether  the  law  of  increase 
of  strength  with  molecular  annealing  cannot  be  carried  too 
far.  That  seems  to  be  what  happens  if  we  hammer  wrought- 
iron  long  enough.  Cast-iron  also  has  generally  been  believed 
to  have  a  certain  life,  and  if  you  hammer  it  long  enough  it  will 
break.  I  have  known  of  a  cast-iron  shaft  that  stood  up  to  its 
work  in  a  rolling-mill  for  25  years;  but  then  it  broke.  At 
one  of  the  meetings  of  the  Institute  we  saw  a  specimen  of 
pig-iron  which  was  broken  by  400  blows  of  a  sledge-hammer. 
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Certainly,  tlio  blows  may  have  strenii-tliciu'd  it  at  first.     So  we 
do  not  know  yet  all   altoiit  the   efiects  of  vibration  on  cast-iron. 
The  paper  on  "  Contraction  and  Exi)ansioii,"  and  Mv.  Whit- 
ney's and  Mr.  Webster's  experiments,  are  highly  interesting,  and 
brinff  us  back  to  where  we  were  in  1879-80,  according  to  pa- 
pers  published  at  that  time  in  the  Proceedings  of  the  Iron  and 
Steel  Institute  of  Great  Britain.     At  that  time  the  whole  ques- 
tion of  the  contraction  and  expansion  of  iron  due  to  solidifica- 
tion was  left  in  a  state  of  uncertainty.     We  are  perhaps  a  little 
farther  along  now,  but  not  much.     ^Ir.  Keep,  of  Detroit,  pre- 
sented to  the  American  Society  of  Mechanical  Engineers  last 
year   some   diagrams    showing   a    peculiar  double   expansion. 
After  the  iron  began  to  solidify  it  expanded,  then  it  contracted, 
and  then  it   expanded  again.     Mr.  Keep  announced  that  as  a 
new  discovery  of  the  double  expansion  of  iron,  or,  as  he  called 
it,  the   second  expansion.     Now,  Mr.  Webster  presents  some 
experiments  made  by  Mr.  Whitney,  in  riiiladel[)hia,  several 
years  ago,  and  this  double  line  was  then  found  only  in  one  case 
out  of  seventeen.    So  it  is  interesting  to  know  uuder  what  con- 
ditions that  double  expansion  takes  place.     Mr.  Keep's  experi- 
ments, and  also  Mr.  Whitney's,  seem  open  to  the  criticism  that 
was  made  by  Mr.  Thomas  Wrightson,  in  1880,  on  Mr.  Mark- 
ham's  paper,  read  before  the  Iron  and  Steel   Institute.     Mr. 
Wrightson  proved  that  cast-iron  expanded  during  solidifica- 
tion, and  Mr.  Markham  proved  the  exact  contrary.     Then  Mr. 
Wrio-htson  made  the  criticism  of  Mr.  Markham's  experiments 
that  the  measurements  were  taken  of  one  dimension  only — 
that  is,  the  dimension  in  length.     He  said  the  proper  thing  to 
do  w^as  to  measure  the  volume  or  the  dimensions  in  three  di- 
rections.    Mr.  Wrightson  himself  did  that,  and  apparently  has 
proved  that  iron  does  expand  during  solidification  or  imme- 
diately afterward,  and  contracts  regularly  after  that.     There  is 
no  evidence  in  ]Mr.  Wrightson's  experiment,  nor  in  those  of 
Sir  Lowthian  Bell,  made  shortly  after,  which  shows  any  signs 
of  this  double  expansion,  which  was  recently  discovered  by 
Mr.    Keep    and    discovered    by   Mr.    Whitney    several    years 
before. 

Mr.  West  has  given  us  something  about  the  proper  shape  of 
test-pieces  for  cast-iron.  Mr.  Keep,  in  his  papers  before  this  and 
other  societies,  has  argued  the   advisability  of  a  square  test- 
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piece.  I  think  it  would  he  well  to  appoint  a  committee  of  two, 
consisting  of  Mr.  Keep  and  Mr.  West,  to  reconcile  their  ideas 
and  then  present  a  new  paper.  I  would  suggest  to  these  gen- 
tlemen who  are  now  discussing  what  is  the  proper  shape  for  a 
test-piece  for  cast-iron  a  new  idea  which  they  may  think  over. 
It  is  well  known  that  the  strength  of  cast-iron  is  not  only  de- 
pendent upon  the  analysis  of  the  iron  and  upon  the  heat  at 
which  it  is  cast,  but  upon  the  shape  and  size  of  the  test-piece ; 
that  is,  if  you  have  iron  of  a  given  analysis  and  make  a  test- 
piece  of  a  Ijar  J-inch  square  and  another  of  a  bar  2  inches 
square  you  will  find  entirely  diiierent  results.  The  iron  will 
differ  both  in  strength  and  in  ductility,  and  that  difference  is 
not  a  constant  difference,  but  it  depends  upon  the  chemical  con- 
stitution of  the  iron.  So  the  idea  I  wish  to  throw  out  is,  that 
one  standard  size  of  test-piece  of  cast-iron  is  not  enough,  and  I 
suggest  that  three  or  four  different-sized  test-pieces  be  used.  I 
would  also  indicate  a  way  of  plotting  the  results  for  the  purpose 
of  studying  them.  Suppose  we  find  that  the  round  shape  is 
the  better  and  we  select  a  |-inch,  a  l|-inch,  and  a  2-inch  as  the 
best  sizes  for  comparison  to  be  tested.  Suppose  we  then  test 
four  different  qualities  of  iron,  containing  respectively  0.5,  1,  2 
and  8  per  cent,  silicon,  four  test-pieces  of  each,  and  obtain  the 
transverse  strength.  If  we  divide  the  results  obtained  in  each 
test  by  the  product  of  the  breadth  by  the  square  of  the  depth, 
in  inches,  that  is  by  kl-,  if  the  test-pieces  are  of  rectangular 
section,  or  by  the  cube  of  the  diameter,  if  they  are  of  round  sec- 
tion, the  figures  will  l>e  reduced  to  a  standard  of  comparison,  if 
the  pieces  are  of  uniform  length  between  supports.  A  better 
standard  of  comparison,  perhaps,  is  the  modulus  of  rupture, 

g      PI     , 
obtained  from  the  usual  formula  R  z=:  —  .        ,  in  which  P  is 

2      bd 

the  breaking-load  in  pounds,  and  I,  b  and  d  are  respectively  the 

length,  breadth  and  depth  in  inches.     Suppose  that  the  several 

results  we  obtain,  in  terms  of  breaking-load  divided  by  bd^,  are 

the  figures  in  the, following  table: 

Diameter  of  Test-Piece. 

Silicon.  Inches. 

Percent.  0.5.  1.         1.5.  2. 

0.5 800  HOC  1300  1400 

1.0, 900  1050  1100  1100 

2.0, 1100  12U0  1150  1050 

3.0, 1350  1300  1200  900 
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A  similar  table  may  be  made  of  the  dertcctions  obtained  in 
the  tests.  To  reduce  the  deflections  to  a  standard  they  should 
be  multiplied  by  bd^  and  divided  by  P. 

We  now  plot  these  fitrures  and  ol)tain  the  diagram  given 
in  Fig.  7.  Each  of  the  four  curves  in  the  diagram  expresses, 
far  more  clearly  than  any  test  of  a  single  size  of  test-piece  can 
do,  the  nature  of  the  iron  tested.  I  ofler  this  suggestion  to 
those  of  our  members  who  are  engaged  in  testing  cast^ron, 
with  the  confident  expectation  that  the  proposed  method  will 
lead  to  important  discoveries  as  to  the  relation  existing  between 
the  chemical  constitution  and  the  physical  properties  of  cast 
metals. 


Fig.  7. 


0.5  ;f  9). 


size  of  Test  Piece 

Diagram  Showing  Relations  of  Strength,  Size,  and  Silicon-Contents  of 

Iron  Castings. 


Leonard  Waldo,  Bridgeport,  Conn. :  This  queetion  of  physi- 
cal tests  of  metals  is  one  of  fundamental  importance,  and  is 
hedged  about  with  difficulties.  I  think  it  was  Professor  Rob- 
erts who  showed  that  if  you  take  a  cube  of  aluminum  bronze, 
divide  it  off  into  smaller  cubes  by  drawing  lines  in  it,  and  make 
an  analysis  of  each  of  the  smaller  cubes,  you  mil  find  that  the 
metal  is  homogeneous  from  end  to  end.  It  offers,  therefore,  an 
excellent  opportunity  for  the  testing  of  strains  in  metal,  free 
from  the  question  of  segregation,  because  it  is  uniform  through- 
out, and  you  are  free  from  that  difficult  part  of  the  problem 
which  relates  to  the  unequal  distribution  of  its  chemical  con- 
stituents. Acting  on  that  suggestion,  which  came  from  reading 
Professor  Roberts's  work,  I  prepared  a  series  of  bars  running 
up  to  an  ingot  4  inches  square  and  made  of  aluminum  bronze, 
and,  while  not  expecting  to  take  part  in  this  discussion,  I  have 
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no  accurate  figures  with  me,  broadly  speaking,  it  was  shown 
that  the  uhimate  tensile  strength  was  dependent  upon  the 
diameter  of  the  section  employed,  and  that  the  tensile  strength 
diminished  from  the  exterior  of  the  bar  to  the  interior  of 
the  bar.  Our  lamented  Eckley  B.  Coxe  was  talking  in  the 
laboratory  of  the  McGill  University  at  the  time  of  an  inspection 
of  the  magnificent  mechanical  laboratory  which  he  was  looking 
over,  and  he  turned  to  Professor  Woodward  and  said :  "  What 
a  capital  thing  it  would  be  if  you  fellows  in  laboratories  and 
schools  should  simply  put  up  a  bridge-truss  and  break  it  down 
and  see  what  it  meant."  The  truth  underlying  that  comes 
home  to  every  man  who  has  to  build  a  structural  engineering 
pattern  in  metal.  I  cannot  imagine  that  a  test-bar  is  of  any  use 
except  in  a  very  general  and  qualitative  sort  of  way  for  deter- 
minino;  the  actual  strenoi:h  of  metal  that  is  in  the  structure  and 
that  has  been  cast  in  the  structure.  The  entire  question  of 
flow,  cooling  and  chill  enters,  and,  while  you  may  produce  your 
lead-pencil  test-bars  of  the  kind  which  will  have  tensile  strength 
from  80,000  to  90,000  pounds  per  square  inch,  the  moment 
that  you  take  a  large  bar  2  inches  square,  or  something  which 
will  approximate  the  size  of  the  actual  metal  used  in  the  con- 
struction, your  tensile  strength  drops  down  with  the  same 
chemical  constitution  to  40,000  or  50,000  pounds,  and  you  get 
very  discouraging  results.  I  took  a  round-rolled  bar  If  inches 
in  diameter  and  cut  the  bar  in  two  lengths,  each  about  18  inches 
long.  I  then  bored  one  through  so  as  to  cut  out  the  entire 
center  of  the  bar,  and  turned  down  the  other  so  that  I  got  cor- 
responding areas — one  the  circular  ring  and  the  other  the 
actual  area  of  the  turned-down  bar — ^and  I  found  that  the  dif- 
ference in  tensile  strength  amounted  to  about  15  per  cent,  be- 
tween the  inside  of  a  bar  of  that  size  and  the  outside.  I  sent 
to  the  Watertown  testing-machine,  at  Waltham,  Mass.,  a  series 
of  large  bars  up  to  4  inches  in  diameter,  hoping  to  get  the  test 
there,  but  I  found  that  their  machine  had  been  so  badly  used 
up  by  some  strains  of  high  pressure  that  they  were  unwilling  to 
break  the  bars  on  the  machine.  The  machine  is  commonly 
rated  at  800,000  pounds,  but  the  last  experiment  approximating 
three-quarters  of  that  amount  cndud  by  shearing  oti"  all  the  nut- 
heads  at  the  recoil  of  the  machine,  and  I  found  my  labor  was 
in  vain.     So  that,  in  the  question  of  determining  these  strains, 
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nuu'h  as  we  may  rosolve  or  (Icsire,  I  think  I  am  safe  in  saying 
that  there  is  no  machine  in  tlie  country  wliich  would  actually 
take  a  piece  of  structural  metal  of  high  quality  and  break  it 
with  accurate  registration  of  results,  and  that  our  knowledge 
must  remain  more  or  less  uncertain  until  that  is  done.  It 
seems  to  me  that  what  is  wanted  is  not  small  tests  in  a  small 
way,  but  tests  of  material  as  we  actually  use  it  in  practice ;  but 
I  see  no  immediate  way  of  getting  such  satisfactory  tests.  I 
have  talked  some  with  tlie  Ordnance  people  and  those  wlio  have 
to  build  these  large  things,  and  I  tind  that  without  any  excep- 
tion they  are  extremely  shaky  as  to  the  strains  which  result  in 
the  interior  of  castings  of  large  masses  of  metal  from  chill  on 
the  outside,  the  natural  arching  of  the  metal,  and  the  molecular 
strains  under  Avhich  the  metals  exist. 

George  S.  Morison,  Chicago,  111. :  I  should  like  to  ask  what 
would  be  considered  a  large  strain  to  be  put  upon  a  testing- 
machine  ?  There  are  in  the  country  two  large  testing-machines, 
both  of  which  I  have  had  occasion  to  use,  but  they  have  not  the 
accuracy  of  registration  which  the  Waltliam  machine  has.  I 
have  found  that  I  could  not  depend  on  the  Waltham  machine, 
because  it  was  always  busy.  There  are  two  machines  of 
much  larger  capacity  :  one  of  1,200,000  pounds,  and  another  of 
2,000,000  pounds,  both  of  which  I  have  had  occasion  to  use 
in  testing  structure  steel.  One  is  at  Athens,  Pa.,  and  the  other 
is  at  Phcenixville.  They  are  both  hydraulic  machines  working 
under  comparatively  low  pressures ;  being  hydraulic  machines 
and  registering  their  strains  by  hydraulic  gauges,  they  are  not 
as  accurate  as  the  Waltham  machine ;  but  for  a  number  of  years 
they  have  proved  very  much  more  serviceable.  The  Athens 
machine  was  built  to  meet  requirements  that  I  put  into  a 
specification ;  it  was  originally  used  for  testing  the  eye-bars 
used  in  the  building  of  the  Omaha  bridge.  Since  the  Pha'uix 
people  built  a  machine  wliich  has  a  capacity  of  2,000,000 
pounds,  I  have  had  bars  tested  at  Phcenixville  which  exceeded 
the  capacity  of  the  Athens  machine. 

A.  E.  OuTERBRiDGE,  Jr.,  Philadelphia,  Pa.  :  Since  the  publi- 
cation of  my  paper,  I  have  received  from  others,  who  have  re- 
peated the  experiments,  records  of  the  gain  in  transverse 
strength  exceeding  the  maximum  reported  by  me.     The  largest 
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giiiii  noted  in  my  paper  (on  a  1-ineli  bar)  was  525  pounds,  or 
not  quite  19  per  cent.  The  most  recent  report,  from  a  large 
establishment  in  Buffalo,  shows  in  one  case  780  pounds,  or 
more  than  25  per  cent.  Records  from  another  establishment 
give  more  than  30  per  cent.  gain.  In  one  instance,  four  bars 
were  placed  in  a  tumbling  barrel,  icithout  any  other  castbigs,  for 
2J  hours.  These  showed  gains  ranging  from  10.8  to  20  per 
cent.,  which  surprised  me,  although  it  proved  my  statement 
that  heavy  blows  were  not  required.  The  abnormal  gains  were 
in  these  cases  on  tests  of  strong  iron.  One  bar  not  "  rumbled  " 
broke  at  3060  pounds;  the  companion-bar,  "  rumbled,"  broke 
at  3840  pounds. 

R.  W.  Raymond,  Xew  York  City:  On  page  987  of  Vol.  xxv. 
in  a  foot-note  to  the  contribution  of  Mr.  A.  W.  Whitney,  a 
calculation  of  the  modulus  of  rupture  of  a  hexagon  bar  of  4 
square  inches  sectional  area  is  given  on  the  authority  of  Mr.  G. 
F.  Fisher.  Since  the  publication  of  this  part  of  the  discussion, 
my  attention  has  been  called  by  Mr.  Whitney  to  an  error  in  this 
calculation.  Xamely,  in  the  final  equation,  3  X  1.074 -f- 1.406  is 
2.2918,  instead  of  2.22,  as  stated.  But  further  investigation  re- 
veals other  apparent  errors.  In  the  first  place,  according  to  the 
statement  of  the  method  given  in  the  note,  the  element  G  is  the 
distance  between  the  center  of  gravity  of  the  half-section  and 
that  of  the  whole  s3ction,  and  this  distance  is  given  for  the  sec- 
tion of  4  square  inches  hexagonal  area  as  0.593  inches,  whereas 
it  is  in  reality,  as  the  following  calculation  shows,  0.477  inches. 

The  hexagon  bar  being  conceived  as  lying  upon  one  side,  the 
neutral  plane  will  pass  through  two  opposite  corners  of  the 
hexagon,  and  will  contain  the  center  of  gravity  (which  is  in 
this  case  the  center  of  magnitude)  of  the  whole  section.  The 
two  half-sections,  respectively  above  and  below  this  plane,  are 
symmetrical,  and  constitute  truncated  triangles.  The  center 
of  magnitude  of  each  of  these  figures  is  easily  determined  by 
Rule  4,  on  p.  82  of  Rankine's  Rales  and  Tables,  for  the  deter- 
mination of  the  center  of  magnitude  of  "  a  compound  figure 
formed  by  subtraction."  It  will  be  found  to  be  distant  from  the 
neutral  plane  by  two-ninths  of  the  minimum  diameter  of  the 
hexagon.  For  a  hexagon  having  4  square  inches  of  area,  this 
minimum  diameter  (or  the  length  of  a  perj»endicular  between 
two  opposite  sides)  is  2.1492  inches.      Consequently  the  element 
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G,  or  the  distance  between  the  center  of  gravity  of  the  half- 
section  and  that  of  the  whole  section,  is  0,4776  inches,  instead 
of  0.593  inches,  as  given  in  the  foot-note  under  consideration. 
By  substituting  this  value  in  the  calculation  as  given,  we  would 
get  0.91244  for  the  moment  of  inertia  of  the  whole  section, 
and  3.533  S  for  the  modulus  of  rupture.  But  this  result  is  cer- 
tainly too  high,  as  has  been  abundantly  shown  in  practice. 
The  soundness  of  the  method  followed  is,  however,  more  than 
doubtful.  According  to  an  independent  calculation  upon  the 
usual  method,  the  moment  of  inertia  would  be  1.28,  and 
the  modulus  of  rupture  consequently  2.51  S  This  would  be 
more  nearly  in  accordance  with  the  results  of  practice.  It  is  to 
be  remembered,  however,  that  the  modulus  of  rupture  is  an 
imaginary  factor,  involving  unproved  assumptions  (such  as  the 
equality  of  the  resistances  to  compression  and  extension)  and 
only  applicable  for  rough  approximations.  As  the  subject  has 
only  a  mathematical  interest  for  civil  engineers,  I  will  not  enter 
here  upon  a  detailed  discussion  of  the  theoretical  methods  of 
determining  the  moment  of  inertia  or  the  modulus  of  rup- 
ture, but  will  only  add  that  in  Mr.  Whitney's  practice  the 
hexagonal  test-bars  of  wheel-iron  frecpiently  endure  a  stress  of 
26,000  pounds,  and  that  the  maximum  modulus  of  rupture  is 
about  70,000  pounds,  which  would  be  in  the  neighborhood  of 
2.5  S.  In  average  practice  I  believe  he  assumes  2.25  S  as  the 
modulus  of  rupture. 

In  this  connection  I  may  call  attention  to  a  typographical 
error  in  the  next  following  paragraph  of  the  foot-note  referred 
to  [Trans.,  xxv.,  987),  where  square  bars  "2  by  3"  inches  in 
section  should  read  "  2  by  2  "  inches,  the  area  being  4  square 
inches  as  for  the  hexagon  bars.  The  modulus  of  rupture,  2.25 
times  the  stress,  is  here  correctly  given. 

David  Townsend,  Philadelphia,  Pa. :  I  am  exceedingly  glad 
that  at  last  a  move  has  been  made  to  throw  some  light  on  a 
subject  of  such  universal  interest.  The  numufacture  of  steel-pro- 
ducts was  created  with  the  birth  of  a  new  industry,  and  was  not 
therefore  hampered  by  tradition.  With  the  manufacture  of 
steel  came  also  the  introduction  of  complete  chemical  and 
physical  laboratories,  by  means  of  which  the  eft'ect  of  various 
combinations  could  be  recorded  and  studied.  Cast-iron,  on  the 
other  hand,  has  been  treated  with  great  conservatism  on  ac- 


1022  THE  PHYSICS  of  cast-iron. 

count  of  its  age  and  history;  and  the  light  which,  it  is  hoped, 
may  he  the  beginning  of  a  new  era  in  that  history,  has  been 
long  in  coming. 

I  had  occasion,  in  1878,  to  make  for  Mr.  James  Moore,  of 
Philadelphia,  a  series  of  investigations,  which  had  for  their  ob- 
ject the  discovery  of  a  proper  chemical  mixture  of  irons  for 
making  chilled  rolls,  and  the  discovery,  if  possible,  of  the  cause 
of  cracking  in  chilled  castings.  I  made  a  complete  analysis  of 
20  to  25  chilled  rolls  which  had  proved  good  in  service.  They 
were  of  all  sizes,  from  30  inches  down  to  10  inches  in  diameter. 

The  results  were  somewhat  remarkable.  The  greatest  dif- 
ferences in  composition  appeared  in  those  rolls  which  were 
know^n  to  have  been  cast  from  the  cupola.  The  air-furnace  rolls 
had  the  same  chemical   composition  within  very  narrow  limits. 

One  particular  point  struck  me  as  being  rather  curious, 
namely,  that  a  certain  percentage  of  sulphur  seemed  to  be  neces- 
sary to  make  a  good  chilled  roll.  The  reason  for  this  did  not 
appear  clear  to  me  until  Mr.  West  presented  me  to-day  with 
corroborating  evidence  that  the  presence  of  sulphur  in  cast-iron, 
other  elements  being  equal,  produced  an  expansion  at  the  in- 
stant of  solidification,  and,  therefore,  when  a  chilled  skin  was 
being  formed  on  the  roll,  and  that  this  prevented  the  formation 
of  shrinkage-cracks. 

Of  the  other  elements,  manganese  and  silicon  have  most  in- 
fluence on  the  chill ;  the  former  aifecting  its  hardness  and  the 
latter,  if  present  in  suflicient  quantity,  preventing  its  formation 
entirely. 

It  was  my  invariable  experience  that  low-sulphur  irons  would 
make  chill-cracks,  especially  when  the  percentage  of  silicon 
was  also  low. 

I  am  glad  to  have  this  corroboration  from  Mr.  West,  and  I 
also  desire  to  take  this  opportunity  to  thank  him  for  his  origi- 
nal and  various  contributions  to  the  subject  under  discussion. 

As  to  the  physical  properties  of  cast-iron,  I  quite  agree  with 
Mr.  Kent  that  they  differ  for  different  sizes  of  test-bar;  and  it 
is  therefore  my  hope  that  some  standard,  which  will  strike  an 
average  for  all,  will  be  adopted  or  recommended  by  those 
whose  opinions  will  carry  some  weight.  My  own  experience 
of  twenty  years  has  been  altogether  with  charcoal-irons  melted 
in  an  air-furnace ;   and  I  have  never  had  success  in  recording 
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results  witli  any  but  round  bars,  which  wore  never  less  than  1 
inch,  and  were  usually  IJ  inches  in  diameter.  The  tendency 
of  charcoal-irons  to  chill  on  the  edges  makes  a  square  bar  im- 
possible as  a  means  for  making  records. 

We  are  at  present  making  some  castings  under  si)ecifications 
requiring  a  tensile  strength  of  28,000  pounds.  In  sixteen  dif- 
ferent heats,  composed  of  5000  pounds  each,  a  round  turned 
test-piece  of  1|  inches  in  diameter  showed  a  variation  of  only 
2000  pounds,  the  limits  being  32,000  and  34,000  pounds. 

I  hope  the  good  work  will  not  cease  until  the  ancient  and 
honorable  subject  of  cast-iron  has  been  thoroughly  investigated, 
and  a  practical  solution  has  been  found  for  all  the  difficulties 
which  still  beset  the  manipulators  of  this  metal. 

"William  R.  Webster,  Philadelphia,  Pa. :  I  have  personally 
witnessed  a  number  of  the  experiments  reported  in  Mr.  Outer- 
bridge's  paper  on  "  The  Mobility  of  Molecules  of  Cast-Iron." 
The  space  which  exists  between  the  particles  of  cast-iron  can 
be  demonstrated  by  a  very  simple  experiment,  which  was  shown 
to  me  by  Mr.  Outerbridge,  and  also  independently  by  an  old 
founder,  who  said  he  had  been  familiar  with  it  for  eighteen 
years.  It  consists  in  brushing  out  the  carbon  from  a  surface  of 
fracture  of  gray  iron.  Such  a  surface  having  the  well-known 
gray  and  graphitic  appearance  can  be  made  to  look  like  hard 
white-iron  by  simple  brushing  with  a  wisp-broom  or  a  brush  of 
bristles.  (Mr.  Webster  exhibited  this  experiment  upon  a  piece 
of  gray  iron,  covering  half  of  the  surface  of  fracture  with  paper, 
to  protect  it  from  the  brush,  and  then  brushing  the  exposed 
half  After  the  removal  of  the  paper  the  iron  looked  as  if  it 
were  half  gray  and  half  wdiite.  He  also  brushed  a  piece  of 
iron  having  a  chill  on  it,  and  after  brushing,  the  whole  fracture, 
soft  iron  and  chill  alike,  was  of  one  color,  as  if  the  chill  had 
gone  all  the  way  through  it.  It  w^as  not  possible  to  tell  from 
the  color  where  the  chill  stopped.) 

A.  E.  Outerbridge,  Jr.,  Philadelphia,  Pa.  (Communication 
to  the  Secretary,  February,  1897) :  The  Iron  Trade  Redew  of 
January  7,  1897,  contains  a  paper  entitled  "  Freaks  of  Foundry 
Iron,"  read  December  28,  1896,  before  the  Pittsburgh  Foundry- 
men's  Association,  by  Dr.  A.  B.  Harrison,  chemist  of  the  Clin- 
ton Iron  and  Steel  Company.  Dr.  Harrison  had,  apparently, 
read  merely  an  extract  made  by  a  trade-journal  from  my  paper 


1024  TUE  PHYSICS  of  cast-iron. 

on  "  The  Mobility  of  Molecules  of  Cast-iron,'*  presented  at  the 
Pittsburgh  meeting  of  the  Institute  in  February,  1896.  He 
said : 

"  Having  read  in  one  of  the  trade  journals  of  the  effect  of  '  tumbling'  test-bars 
in  the  barrel,  we  decided  it  might  be  interesting  and  useful  to  gather  some  data 
ourselves.  So  we  have  had  several  such  tests  made,  taking  one  of  the  tensile-bars 
for  us'ial  test,  putting  the  other  bar  (always  casting  these  in  pairs  on  one  gate,  as 
mentioned  before)  in  the  barrel,  tumbling  them  once  a  day." 

The  results  of  his  independent  repetition  of  my  experiments 
are  interesting.  The  maximum  gain  in  transverse  strength, 
due  to  rumbling  the  bars,  as  recorded  in  my  paper,  was  a  little 
less  than  19  per  cent.  Dr.  Harrison  records  gains,  under  simi- 
lar circumstances,  of  29.54  per  cent.,  30.20  per  cent,  and  44.68 
per  cent.,  and  without  any  negative  results.  He  also  makes  an 
interesting  observation  on  the  difference  in  transverse  strength 
of  bars  broken  with  "  cope  "  or  "  drag  "  side  up,  both  rumbled 
and  not  rumbled,  showing  that  the  release  ot  strain  by  rumbling 
eliminates  all  difference  in  this  respect. 

I  investigated  the  subject  of  tensile  tests  before  publishing 
my  paper,  and  later,  in  reply  to  a  query  of  Mr.  AVilfred  Lewis, 
regarding  tensile  tests  (see  "  Digest  of  Physical  Tests,"  vol.  i., 
p.'^237,  July,  1896),  I  said  : 

"  I  believe  it  is  generally  admitted  by  engineers  that,  in  order  to  obtain  relia- 
ble tensile  tests  of  cast-iron  bars,  it  is  absolutely  necessary  to  turn  the  pieces  in  a 
lathe  (or  otherwise  machine  them),  because  rough  bars  are  always  somewhat 
crooked  and  irregular  in  size  and  shape  ;  therefore,  no  matter  what  kind  of  '  ad- 
justable grips'  are  used,  a  rough  cast-iron  bar,  when  pulled,  will  be  subject  to 
bending  or  torsional  stresses,  rendering  the  records  unreliable,  and  turning  will, 
of  course,  release  cooling  strains  irrespective  of  tumbling  the  pieces." 

Since  my  paper  was  published  I  have  received  much  corre- 
spondence on  the  subject,  and  records  of  corroborative  tests ; 
also  some  interesting  developments  which  I  have  been  asked  to 
regard  as  confidential.  I  have  made  many  further  tests,  with 
modifications.  For  instance,  when  companion-sets  of  test-bars 
are  cast  in  different  moulds  from  one  ladle  of  iron,  one  poured 
hot,  the  other  dull,  the  hot-poured  bars  are,  in  my  experience 
(though  the  contrary  has  been  asserted  in  print),  invariably 
stronger;  but  if  the  dull-poured  bars  are  tumbled  in  a  barrel, 
they  gain  in  strength  more  than  sufficient  to  overcome  the  loss 
by  dull  pouring. 
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I  refer  to  the  transverse  breaking  of  rough  bars,  but  Dr. 
Harrison,  after  receiving  this  statement  from  me,  got  the  same 
result  with  tensile-tests,  as  may  be  seen  in  the  Iron  Trade  Jour- 
nal, January  28,  1897,  page  9. 

Drillhuj  Holes  in  Test-Bars. — I  have  always  noticed  that  a 
very  minute  flaw  or  blow-hole  in  a  test-bar  decreases  the  trans- 
verse strength  much  more  than  can  be  accounted  for  by  the 
area  of  the  flaw;  and  the  query  arose  in  my  mind.  What  etfect 
upon  transverse  strength  will  drilling  a  hole  of  a  certain  size, 
across  the  section,  at  the  point  of  rupture,  have  ? 

The  a  priori  inference  would  be  that  strength  would  be  de- 
creased at  least  in  proportion  to  amount  of  metal  removed,  or  to 
the  area  of  the  hole. 

An  opposite  result  has  been  observed  in  many  cases,  viz. :  If 
a  hole  Y^g^-inch  in  diameter  is  drilled  across  the  section  of  a  1- 
inch  square  bar  at  point  of  rupture,  as  indicated  in  Fig.  1,  the 
bar  will  show  (in  the  majority  of  a  large  number  of  experiments) 
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Transverse  Test  Bar  Drilled  Through  Point  of  Rupture. 

higher  strength  and  greater  deflection  than  a  companion-bar 
cast  in  the  same  mould,  not  drilled.  In  several  actual  instances 
the  bar  broke  through  solid  metal  at  one  side  of  the  hole.  In 
some  tests  two  lioles  were  bored,  y^^-inch  in  diameter,  and 
^-inch  apart,  and  bars  broke  through  solid  metal  at  one 'side  of 
the  two  holes.  The  gain  in  strength  shown  in  these  tests  is 
not  so  remarkable,  or  so  uniform,  as  is  the  gain  in  transverse 
strength  of  test-bars  which  have  been  tumbled  in  a  barrel,  or 
otherwise  subjected  to  shock,  compared  with  companion-bars 
not  so  treated ;  but  I  attribute  the  gain  to  the  same  cause,  viz. : 
release  of  internal  strains. 

When  bars  are  tapped  on  end,  instead  of  being  put  in  a 
tuml)ling-barrel,  care  must  be  exercised  to  see  that  the  shocks 
are  absorbed  by  the  bars  and  not  by  clamps  or  vise,  or  other 
holders. 

The  following  table  gives  the  results  of  some  tests  made  on 
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different  dates  with  bars,  1  inch  section,  15  inches  long,  broken 
on  a  transverse  testing-machine  with  supports  12  inches  apart ; 
one  bar  being  drilled  across  the  section,  the  companion-bar, 
from  the  same  mould,  not  drilled : 

Break  and  Strain.    Deflection. 
Pounds.  Inches. 

1.  Close-grained   iron,   j\-inch  hole  through 

section  in  middle,   .....         2775  .16 

2.  Close-grained  iron,  no<  rfn7/e(7,    ,         .         ,         2625  .15 

3.  Open-grained    iron,    |-inch   hole   through 

section  in  middle,  .....         2275  .14 

4.  Open-grained  iron,  not  drilled,    .         .         .         2275  .14 

5.  Open-grained   iron,  yg-inch  hole  through 

section  in  middle,  .....         2150  .15 

6.  Open-grained  iron,  7io<  dr)7/er/,     .         .         .         2025  .13 
*7.  Close-grained   iron,   j\-inch   hole    drilled 

through  section  in  middle,     .         .         .         2550  .15 

8.  Close-grained  iron,  noi  drii/ecf,    .         .         .         2600  .15 

9.  Close-grained   iron,   y\-inch   hole    drilled 

through  in  middle,         ....         2500  .14 

10.  Close-grained  iron,  not  drilled,   .         .         .         2450  .14 

11.  Close-grained   iron,    f'g-inch   hole  drilled 

j\-inch  from  top  of  bar,         .         .         .         3125  .18 

12.  Close-grained  iron,  «o^  rfrt//«/,     .         .  .         2950  .15 

13.  Open  iron  f'g-inch   hole    drilled   y^inch 

from  top  of  bar, 1975  .13 

*14.  Open -grained,  no<  QV(7/ec/,  ....         2050  .13 

15.  Open  grained,  two  holes,  y^^-inch  in  diam- 

eter, ^-inch  apart,  through  middle  of 
the  bar,  fracture  occurred  between  the 
holes, 2075  .13 

16.  Open-grdined,  not  drilled,  ....         2075  .13 


The  Effect  of  Vibration  upon  the  Structure  of 
Wrcught-Iron. 

Continued  Discussion  (see  Vol.  xxiii.,  143,  557,  560,  573,  574,  and  xxiv.,  809). 
(Pittsburgh  Meeting,  February,  189G.) 

Edward  B.  Grubb,  Burlington,  N".  J. :  In  connection  with 
the  discussion  relative  to  the  effect  of  vibration  upon  the  mo- 
lecular structure  of  wrought-iron,  I  would  like  to  call  your 
attention  to  the  following  extracts  from  a  work  by  William 


Nos.  7  and  14  broke  through  solid  metal. 
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Fairbiiii-n.  Tliey  will  be  found  in  Irov,  its  Tlisfor)/,  Properties, 
and  Processes  of  Manufacture,  Edinburgh,  William  and  Charles 
Black,  1869. 

After  speaking  of  the  effects  of  heat  and  magnetism  upon 
the  structure  of  wronght-iron,  the  author  refers  to  the  breakage 
of  an  axle  on  the  Versailles  railway,  and  says  in  this  connec- 
tion, on  i>age  238 : 

"Undoubtedly  the  broken  axle  presented  a  crystalline  fracture;  butith:is  never 
been  ascertained  how  far  heat  and  magnetism  were  in  operation,  as  in  the  case 
of  an  axle,  and  more  especially  a  crank-axle,  the  constant  vibration  caused  by 
irregularities  in  the  way  and  the  weight  of  the  engine,  appears  to  be  quite  suffi- 
cient to  occasion  the  breakage  without  aid  from  the  other  forces.  Undoubtedly,  in 
almost  all  cases  of  the  sudden  fracture  of  axles  or  wrought-iron  ]):irs,  during  em- 
ployment, t  lie  fracture  presents  a  crystalline  structure;  but  we  believe  that  any 
molecular  disturbance,  such  as  impact,  can  efl'ect  this  by  breaking  tiie  fiber  into  a 
number  of  prisms,  each  of  which,  carefully  examined,  has  the  appearance  of  a 
crystal ;  the  only  question  being,  How  long  will  the  material  sustain  the  repeated 
effects  of  strain-action  before  it  breaks?' 

On  page  239,  Mr.  Fairbairn  says : 

"Arago  and  Wollaston  have  paid  considerable  attention  to  this  subject,  the 
latter  having  been  the  first  to  point  out  that  native  iron  is  disposed  to  break  in 
octahedra  and  tetraheda,  or  comljinations  of  these  forms.  Tiie  law  which  leads 
to  fracture  in  wrought-iron  from  changes  in  the  molecular  structure,  operates  with 
more  or  less  intensity  in  other  bodies ;  repeated  disturbances  in  turn  destroying 
the  cohesive  force  of  the  material  by  which  they  are  held  together.  A  French 
writer  of  eminence,  Arago,  appears  to  consider  the  crystallization  of  wrought- 
iron  to  be  due  to  the  joint  action  of  time  and  vibration  ;  but  we  think,  with  Mr. 
Hood,  that  time  and  its  duration  depend  entirely  upon  the  intensity  of  the  dis- 
turbing forces,  and,  moreover,  that  the  time  of  fracture  is  retarded  or  accelerated 
in  a  given  ratio  to  the  intensity  with  which  those  forces  are  ai)plied." 

Here  follows  a  series  of  tests  Avith  a  wrought-iron  beam  or 
girder,  subjected  to  vibratory  strains.  In  conclusion,  Mr.  Fair- 
bairn says,  on  page  244  : 

"It  is,  however,  evident  from  these  experiments,  that  time  is  an  element  which 
enters  into  the  resisting  powers  of  materials  of  every  description,  when  subjected 
to  a  continued  series  of  changes.  These  may  be  very  minute  ;  but  assuming  them 
to  be  of  sufficient  force  to  produce  molecular  disturbance,  it  then  follows  that 
rupture  must  eventually  ensue." 

It  would  seem,  from  these  extracts,  that  Mr.  Fairbairn  was 
disposed  to  admit  the  crystallization  of  wrought-iron  if  sub- 
jected to  vibration. 

It  may  be  of  interest  to  say  that  I  have  spoken  upon  this  sub- 
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jeet  to  ditierciit  men  a.ssociatL'd  with  the  jiractical  use  of 
wrought-iron.  They  all  say  that  vibration  will  ultimately 
change  the  molecular  structure  of  wrought-iron. 

E.  W.  Kaymoxd,  Xew  York  City :  Mr.  Grubb's  citations  are 
advanced  to  prove  that  Fairbairn  "  was  disposed  to  admit  the 
crystallization  of  wrought-iron  if  subjected  to  vibration."  If 
they  did  conclusively  show  that,  it  would  be  scarcely  necessary 
to  offer  them  in  this  discussion,  for  the  view  of  Fairbairn  has 
been  already  stated  [Tram.,  xxiv.,  811)  in  a  quotation  given  by 
Mr.  Argall,  on  the  authority  of  Mr.  Howe,  who  speaks  in  his 
Metallargy  of  Steel,  page  198,  of  Fairbairn's  "famous  assertion, 
'  We  know  that,  in  some  cases,  wrought-iron,  subjected  to  con- 
tinuous vibration,  assumes  a  crystalline  structure.'  "  This  is  a 
much  more  explicit  statement  than  those  which  Mr.  Grubb  cites, 
and  the  difference  is  so  significant  as  to  make  his  quotations  a 
pertinent  and  valuable  addition  to  the  inquiry.  For  it  is,  in  view 
of  Mr.  Howe's  peculiar  fullness  and  accuracy  in  footnote-referen- 
ces to  authorities,  a  noteworthy  circumstance  that  for  the  "famous 
assertion  "  of  Fairbairn,  which  he  places  in  quotation-marks,  he 
gives  no  reference  whatever.  The  inference  is  very  strong  that 
he  was  not  able  to  find  the  original  source,  and  that  the  "  famous 
assertion"  was  taken  second-hand,  on  the  authority  of  "fame," 
It  would  be  an  interesting  illustration  of  the  untrustworthy 
character  of  such  indirect  testimony,  if  it  should  turn  out  that 
the  passages  quoted  by  Mr.  Grubb  are  the  basis  of  the  general 
impression  as  to  Fairbairn's  opinion,  now  current  as  his  "  famous 
assertion."  If  this  be  not  the  case,  it  would  be  important  to 
know  the  date  of  the  "  assertion;"  for  the  quotations  from  the 
book  of  1869  contradict  it. 

In  the  first  of  these  passages,  Fairbairn  declares  his  belief 
that  the  presentation  of  a  crystalline  fracture  can  be  effected 
by  any  molecular  disturbance,  such  as  impact,  "  by  breaking 
the  fiber  into  a  number  of  prisms,  each  of  which,  carefully  ex- 
amined, has  the  appearance  of  a  crystal."  In  other  words,  he 
believes  that  whatever  crystalline  structure  is  exhibited  by  the 
fracture  is  simply  the  result  of  breaking  up,  not  of  rearranging, 
the  structural  elements  already  present. 

In  the  second  passage,  Fairbairn  says  Wollaston  was  the  first 
to  point  out  that  native  iron  is  disposed  to  Ijreak  into  octahe- 
dra,  etc.,  and  describes  the  law  "  which   leads  to   fracture  in 
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wrought-iron  from  changes  in  the  molecuhir  structure,"  us  op- 
erating by  "  repeated  disturbances  in  turn  destroying  the  cohe- 
sive force  of  the  material  by  which  they  are  held  together." 
Moreover,  he  says  this  law  is  exhibited  in  other  bodies  also. 
Taken  as  a  whole,  the  passage  implies  beyond  escape  the  con- 
ception that  iron  and  "  other  bodies  "  are  made  up  of  structural 
units,  hold  together  by  some  material,  and  that  the  eftect  of  re- 
peated "  disturbances  "  weakens  their  cohesion  and  thus  reveals 
them  as  individual  elements.  In  other  words,  the  original  struc- 
ture is  not  reconstructed,  but  pulled  apart. 

In  the  third  quotation,  the  only  words  which  bear  upon  this 
question  are  those  which  describe  the  "  continued  series  of 
changes  "  producing  final  rupture  as  "  of  suflicient  force  to  pro- 
duce molecular  disturbance."  Here,  as  elsewhere  in  the  liter- 
ature of  the  subject,  an  ambiguity  results  from  the  loose  sense 
in  which  the  term  "  molecular  "  is  employed.  The  other  pas- 
sages clearly  indicate  that  Mr.  Fairbairn  means  by  "  molecular 
disturbance  "  any  disturbance  of  the  interior  elements  of  a  mass 
not  producing  visible  effects  on  the  mass  as  a  whole.  In  other 
words,  if  a  mass  consist  of  crystals,  held  together  by  other  ma- 
terial (or  even  by  simple  interlocking  and  adhesion),  anything 
which  weakened  their  union  and  began  to  separate  them  would 
be,  in  his  general  phraseology,  a  "molecular"  disturbance. 
That  is  to  say,  progressive  internal  fracture  would  be  "  molecu- 
lar." He  is  evidently  not  thinking  of  the  molecules  constituting 
the  crystals  or  structural  units  as  rearranged  by  such  disturbances 
as  he  contemplates. 

It  is  in  the  light  of  these  necessary  inferences  that  we  must, 
in  my  judgment,  interpret  the  phrase,  "crystallization  of 
wrought-iron,"  used  by  Fairbairn  in  the  second  passage  above 
quoted,  in  stating  the  view  of  Arago.  I  do  not  doubt  that  he 
accepts  the  phrase  without  objection,  but  I  think  he  so  accepts 
it  as  a  convenient  way  of  characterizing, briefly  the  phenomenon 
of  a  crystalline  appearance  of  fracture. 

However,  it  is  not  important  to  prove  whether  Fairbairn  did 
or  did  not,  in  1869,  or  earlier,  believe  in  the  production  by 
vibration  of  a  rearrangement  of  molecules,  forming  crystals 
where  crystals  had  not  previously  existed.  These  quotations 
seem  to  me  to  relieve  him  from  that  error.  But,  if  he  held  it, 
he  was  in  good  company.  It  is  really  since  1870  that  the  sub- 
VOL.  XXVI.— 66 
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ject  has  been  thoroughly  and  experimentally  examined;  and 
while  the  observations  of  earlier  date  are  worthy  of  critical  ex- 
amination, the  views  of  the  observers  can  carry  no  higher 
authority  than  their  facts  import. 

The  same  is  still  more  emphatically  true  of  the  imj^ressions 
of  practical  operators.  Mr.  Grubb's  report  of  the  testimony  of 
many  persons  familiar  with  the  use  of  wrought-iron  proves  only 
that  an  exploded  theory  is  still  very  widely  held,  to  explain  an 
unquestioned  fact. 

"  Practical "  men  are  perhaps  not  likely  to  be  affected  by 
theoretical  arguments.  But  the  arguments  on  this  point  are 
such  as  they  ought  to  understand.  The  "  crystallization  "- 
theory,  "  practically  "  stated,  is  that  individual  elements,  having 
faces  like  crystals,  are  gradually  produced  in  a  mass  of  wrought- 
iron  by  continued  vibration  with  shock;  that  they  are  re- 
vealed by  the  fracture ;  and  that  they  did  not  exist  in  the  mass 
before  the  series  of  shocks  and  vibrations  which  have  produced 
them  began. 

Now,  actual  experiment  has  failed  to  produce  such  a  change. 
But,  leaving  that  question  apart,  there  is  a  "  practical "  test 
which  ought  to  be  conclusive.  Namely,  the  existence  of  a 
"  crystalline "  structure  can  be  revealed  in  a  second  by  the 
sudden  fracture  of  the  iron.  Is  it  supposed  by  practical  men 
that,  in  this  case,  the  formation  of  "  crystals  "  has  taken  place 
in  a  second  ? 

I  am  quite  aware  that  the  structure  exhibited  by  a  quick  frac- 
ture is  declared  by  some  to  be  unlike  that  exhibited  by  a  frac- 
ture due  to  long-continued  shock- vibrations.  I  will  not  argue 
that  question  here.  What  I  wish  to  point  out  is  that  the  phe- 
nomenon involves,  in  the  one  case  as  much  as  in  the  other,  the 
apparent  loss  of  fibrous  structure.  In  the  latter,  the  fibers 
break,  as  Fairbairn  says,  "  into  prisms,  each  of  which,  carefully 
examined,  has  the  appearance  of  a  crystal."  The  language  is 
equally  true  of  the  former.  "  The  fibers  break  " — that  is  the 
whole  story  in  either  case ;  or  else  "  crystallization  "  must  be 
invoked  for  both. 
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Determinations  of  Phosphorus  in  Steel. 

Continued  Discussion  of  the  Paper  of  Mr.  Thackray  (see  Vol.  xxv.,  pages  370 

and  1012.) 

(Colorado  Meeting,  September,  189fi.) 

Edward  K.  Landis,  Philadelphia,  Pa. :  In  studying  Mr. 
Thackray's  paper  it  seemed  that  a  critical  comparison  of  the 
results  from  different  methods  therein  reported  would  be  of 
interest.  For  this  purpose  Table  I.  was  constructed  by  group- 
ing all  determinations  made  by  the  same  method,  and  the 
probable  errors  were  calculated.  In  this  table  all  chemists 
titrating  with  permanganate  (A',  E,  F,  G  and  O  of  Mr.  Thack- 
ray's paper)  are  classed  under  "  Emmerton ;  "  those  titrating 
with  nitric  acid  (C,  J,  S  and  Y)  under  "Handy;"  those  re- 

Table  I. 


Method, 

Emmerton. 

Handy. 

Acetate. 

Gravimetric. 

Yellow 
Precipitate. 

Phosphorus 
Determined 

in  Thou- 

sandtlis  Per 

Cent. 

45 
53 

51 
50 
50 

80 
86 

85 
83 
84 

50 
53 
46 

48 

80 
86 
82 
78 


49 

49 
46 

80 
81 

78 

51 
62 
49 
55 
46 
47 
50 
51 

85 

88 
84 
85 
80 
81 
90 
83 

52 
52 
49 
49 
49 
46 
47 
48 

85 
86 
85 
83 
83 
76 
80 
79 

Average 

49.8 
a. 

83.6 
b. 

49.25 
c. 

81.5 
d. 

48 
e. 

79,7 

50.125 

84.5 
h. 

49 
i. 

82.125 
k. 

Probable  error  of  result:  a,  ±0.0008896;  6,  ±0.000694;  c,  ±0.00107;  (/, 
±0.00115;  e,  ±0.000674;  /,  ±0.000473;  g,  ±0.00J675;  h,  ±0.0007959; 
1,0.0005098;   /;,  ±0.0008303. 

Probable  error  of  single  determination:  a,  ±0.001989;  6,  ±0.001547;  c, 
±0.00214;  d,  ±  0.0023  ;e,  ±0.00116;/,  ±0.000818  ;  j/,  ±0.0019;  A,  ±0.00224; 
i,  ±0.00143;  k,  ±0.00234. 

The  formula  for  calculating  the   probable  error  is   0.6745*/ where 

y  N  {N —  1) 

S  is  the  sum  of  the  squares  of  the  differences  from  the  mean  and  N  is  the  num- 
ber of  determinations. 
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dissolving  and  weighing  as  pyrophosphate  (B,  D,  H,  J,  K,  R, 
V  and  Z)  under  "  Gravimetric  ;  "  and  those  weighing  directly 
(B\  L,  M,  P,  Q,  U,  W  and  X)  under  "  Yellow  Precipitate ;  " 
A,  iT  and  I  used  the  acetate  method. 

On  comparing  the  probable  errors  of  the  results,  it  will  be 
noticed  that  Emmerton's  and  the  acetate  method  give  smaller 
probable  errors  as  the  amount  of  phosphorus  increases,  while 
the  other  methods  do  not.  Other  things  being  equal,  this 
alone  would  indicate  superior  accuracy  for  these  two  methods. 

The  amount  of  M0O3  per  gramme  of  sample  varies  from 
5.355  grammes  (Dudley)  to  0.4848  gramme  (Emmerton).  This 
diiference  does  not  appear  to  affect  the  accuracy  of  the  results, 
and  seems  to  be  entirely  unnecessary.  Dr.  Dudley  adds 
enough  M0O3  to  convert  all  the  iron  present  into  iron  molyb- 
date  and  still  have  enough  left  to  bring  down  the  phosphorus. 
The  formula  for  iron  molybdate,  as  given  by  Dr.  Dudley,  is 
FCjOg,  4  M0O3,  7  H^O,  and,  therefore,  each  gramme  of  Fe 
would  require  5.143  grammes  of  M0O3  to  form  this  compound. 
According  to  Blair  and  Whitfield,  1  part  of  phosphorus  cor- 
responds to  55.8  parts  of  M0O3  in  the  yellow  precipitate,  and 
1  gramme  of  the  sample  containing  about  0.083  per  cent,  of 
phosphorus  would  require  0.0463  gramme  of  M0O3  to  combine 
with  the  phosphorus.  From  these  figures  it  will  be  seen  that 
(allowing  99  per  cent,  of  Fe),  using  0.4848  gramme  of  M0O3 
per  gramme  of  sample,  only  8.6  per  cent.  Fe  is  in  the  form 
of  iron  molybdate. 

Table  II. 


M0O3  per  gramme  of  Sample. 

Fe  as  Iron  Molybdate. 

Grammes. 

Per  cent. 

3.57 

70. 

2.00 

40. 

1.5 

30. 

0.4848 

8.6 

In  each  case  the  amount  of  M0O3  required  to  form  the  yel- 
low precipitate  has  been  subtracted,  and  the  remainder  calcu- 
lated into  iron  molybdate.  The  accuracy  of  the  results  does 
not  appear  to  be  affected  in  any  manner,  and,  therefore,  it 
seems  probable  that  the  formation  of  iron  molybdate  is  not 
essential.  The  above  results  would  surely  indicate  that  0.5 
gramme  of  M0O3  per  gramme  of  sample  is  ample  when  work- 
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ing  on  low-phosphorus  irons  and  steels,  and  that  5.35  grammes 
should  be  enough  for  1  per  cent,  of  phosphorus  when  1  gramme 
is  taken  for  analysis.  The  amount  of  free  aeid  varies;  as  some 
chemists  neutralize,  some  boil  off  the  excess  of  acid  and  some 
do  neither. 

T.\BLE   III. 


Nectualize. 

Boil  Down. 

Do  Neither. 

Chemist. 

M0O3. 

Chemist. 

M0O3. 

Chemist. 

M0O3. 

A 

B 

0.4S48      .T 

2.00 
1.00 
1.35 
1.71 
1.93 
1.50 
1.50 

F 

1.50 
5.35 
3.57 

2.00 
1.71 

2.25 

1.0710 

K 

G 

c 

1.4250 
0.6000 
0.4848 
1.8000 
1.5750 

M 

H 

D 

E 

P  

I 

U 

Q 

0 

Z 

W 

S 

X 

Average 

l.OoS 

Average 

1.57 

Average 

2.73 

The  M0O3  given  in  Table  III.  is  reduced  to  the  basis  of  1 
gramme  of  sample. 

It  will  be  noticed  that  th€  greater  the  amount  of  free  acid 
the  greater  the  quantity  of  M0O3  taken.  This  is  probably  a 
coincidence,  although  it  may  be  possible  that  the  presence  of 
free  acid  hinders  the  precipitation  unless  a  large  excess  of 
M0O3  is  present.  By  neutralizing  it  is  possible  to  effect  a  large 
saving  in  M0O3,  which  is  quite  an  advantage,  as  this  material 
is  rather  expensive. 

The  conclusions  drawn  from  the  foregoing  are : 

1.  That  the  acetate  and  Emmerton's  method  are  more  accu- 
rate than  the  others. 

2.  That  Dr.  Dudley's  phosphorus-factor  is  wrong  and  Em- 
merton's is  correct, 

3.  That  it  is  not  necessary  to  have  enough  M0O3  present  to 
form  iron  molybdate  with  all  the  iron  and  leave  an  excess, 
after  deducting  enough  to  combine  with  the  phosphorus. 

4.  That  it  is  advisable  to  nearly  neutralize  before  precipi- 
tation. 

I  should  like  to  ask  Dr.  Dudley  to  state  his  reasons  for  using 
ten  times  the  amount  of  M0O3  which  is  necessary,  and  what 
authority  he  has  for  iron  molybdate  and  for  using  the  factor 
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1.9  instead  of  1.794.  Blair  and  Whitfield  have  shown*  that 
the  ratio  of  M0O3  to  phosphorus  in  the  yellow  precipitate  is 
100:  1.794,  and  I  would  like  Dr.  Dudley  to  show  where  they 
are  wrong. 

If  the  sample  used  hy  Mr.  Bachmanf  is  still  in  existence  it 
would  now  be  in  order  to  re-determine  the  phosphorus  in  it  by 
Emmerton's  method  and  compare  the  result  with  the  figures  in 
Mr.  Bachman's  paper,  read  in  1882,  before  the  invention  of 
volumetric  methods  for  phosphorus. 


The  Cycle  of  the  Plunger-Jig. 

Communications  in  discussion  of  the  paper  of  Prof.  Eobert  H.  Eichards  (see  p.  3). 
(Pittsburgh  Meetiug,  February,  1896.) 

Henry  Louis,  Newcastle-upon-Tyne,  England  (communica- 
tion to  the  Secretary) :  I  think  very  highly  of  the  novel  and 
ingenious  device  of  Prof.  Richards  for  analyzing  the  movement 
of  the  various  elements  of  the  jig;  it  is  a  method  that  certainly 
seems  to  promise  valuable  results,  if  we  could  only  make  cer- 
tain that  these  various  indicator-appliances  have  no  efiect  upon 
the  action  of  the  jig.  I  would  like,  however,  to  suggest  that 
in  future  experiments  the  connection  between  the  plunger  indi- 
cator-rod and  the  pencil  should  be  made  by  means  of  parallel 
motions,  so  as  better  to  reproduce  the  rectilinear  motion  of  the 
piston.  I  should  expect,  if  this  were  done,  that  the  "  curve  " 
of  the  plunger  in  the  Ilarz  jig,  at  any  rate,  would  be  repre- 
sented either  by  straight  lines  or  else  by  quite  regular  curves, 
according  to  the  method  by  which  the  plunger  is  set  in  motion  ; 
the  apparent  combination  of  straight  line  and  curve  seems 
difficult  to  explain. 

With  respect  to  the  water-curve,  I  am  afraid  I  am  completely 
at  fault,  but  no  doubt  Prof.  Richards  can  explain  my  difficulty. 
In  Fig.  2,  the  areas  of  the  screen-side  and  the  plunger-side  of 
tlie  jig  are  equal.     If  the  piston  be  a  fair  fit  and  the  bottom  of 

*  Jmr.  Am.  Chem.  Soc,  vol.  xvii.,  p.  759,  October,  1895.     See  also  Mr  Blair's 
remarks  in  discussion  of  Mr.  Thackray's  paper,  Trans.,  xxv.,  1012. 
t  Tmns.,  X.,  322. 
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the  jig  (Fig.  1)  be  closed,  I  cannot  see  ^yhy  the  velocity  of  the 
water  should  be  less  than  that  of  the  plunger,  or  where  the 
water  goes  to  that  is  not  forced  through  the  sieve;  e.g.,  in  Fig. 
2  the  plunger  should  have  displaced  (4.75  X  24  X  48  =)  5472 
cubic  inches.*  On  the  other  hand,  the  amount  of  water  actu- 
ally displaced,  as  shown  by  the  water-curve,  is  only  (2.15  X  24 
X  48  =)  2476.8  cubic  inches,  or  less  than  half.  I  should 
like  to  have  Prof.  Richards  state  where  the  rest  of  the  water 
has  gone.  It  has  not  gone  over  the  overflow ;  otherwise  the 
curve  would  have  a  long,  flat  top. 

The  quartz-curve  starts  somewhat  as  I  should  have  imagined 
it  would,  showing  a  gradual  acceleration,  which  becomes  uni- 
form motion  in  apparently  0.033  secoiids — a  very  short  time,  as 
it  seems  to  me.  This  certainly  does  not  bear  out  my  a  priori 
conclusion  that  the  particles  in  a  jig  would  not,  as  a  rule,  have 
time  to  reach  uniform  velocity,  but  fairly  disproves  that  view. 
The  motion  then  continues  uniform ;  but  it  is  another  surprise 
to  me  to  find  that  both  the  cpiartz-eurve  and  the  ore-curve  have 
attained  their  maxima  and  have  commenced  to  descend,  before 
the  water  has  done  so.  The  water-curve  reaches  its  highest 
point,  as  I  should  expect  it  to,  just  a  little  after  the  plunger 
itself  has  done  so ;  but  why  the  heavy  particles  should  com- 
mence to  fall  while  the  water  is  still  moving  up  with  practically 
its  full  velocity,  instead  of  just  after  the  water  has  commenced 
to  fall,  is  to  me  so  inexplicable  that  I  prefer  for  the  j)resent  to 
believe  in  some  imperfection  in  the  co-ordination  of  the  results 
or  in  the  working  of  the  instrument,  rather  than  accept  the 
diagram  here  given.  The  rate  of  rising  of  the  quartz,  when  it 
has  become  uniform,  is  slower  than  that  of  the  water,  as  it 
should  be ;  but  it  is  surely  rather  surprising  to  find  their  rate 
of  fidling  practically  equal,  until  the  quartz  again  reaches  the 
bed.  Again,  the  ore  rises  more  slowly  than  the  quartz,  but  its 
rate  of  falling  is  likewise  practically  uniform  with  that  of  the 
quartz  and  of  the  water ;  in  fact  the  three  lines  W,  R  and  0  are 
sensibly  parallel  in  the  downward  portion  of  the  curve.  The 
distances  through  which  the  three  move  are  respectivel}'  2.05  : 
1.16  :  1  and  the  times  occupied  as  2.11  :  1.11  :  1,  or  in  other 
words  the  falling  velocities  are  just  about  equal.     According  to 

*  I  have  scaled  the  stroke  of  the  plunger  on  the  diagram,  which  shows  4J 
inches. 
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the  data  before  ns  here,  the  quartz  and  ore,  having  fallen  to  the 
sieve-level,  remain  there  until  the  next  pulsation  again  lifts 
them ;  this  present  investigation  does  not  show  the  effect  of  suc- 
tion at  all  as  far  as  the  minerals  are  concerned ;  it  merely  shows 
that  the  downward  current  of  the  water  continues  with  uniform 
velocity  whether  the  bed  of  minerals  be  moving  or  at  rest. 
Ought  not  the  effect  of  suction  to  be  rendered  visible  by  the  O 
line  falling  somewhat  below  the  datum-line  in  the  last  part  of 
the  stroke  ? 

I  have  confined  my  remarks  to  the  first  card  given  by  Prof. 
Richards,  because  I  have  found  so  many  diflliculties  in  it  that 
I  am  afraid  there  is  little  use  in  going  on  until  these  are  par- 
tially, at  any  rate,  explained.  Would  it  not  have  been  as  well  to 
have  made  a  few  experiments  upon  a  jig  full  of  spheres  of  two 
different  substances,  thus  having  all  the  particles  of  equal  di- 
ameters and  of  different  specific  gravities,  and  to  have  noted 
their  different  behaviors  at  varying  piston-speeds  ?  I  know 
that  this  would  be  further  removed  than  Prof.  Richards's  ex- 
periments from  the  conditions  of  actual  practice ;  but,  like  Prof. 
Richards,  I  am  now  concerned  only  with  the  question  as  a  pure 
theoretical  speculation. 

I  am  sorry  that  my  criticisms  should  be  so  continually  taking 
a  destructive  tendency ;  it  is  certainly  not  because  I  am  insensi- 
ble to  the  real  merits  of  Prof.  Richards's  work.  He  has,  it 
seems  to  me,  made  a  great  step  forward  with  his  new  instru- 
ment, which  will  yield  important  information  when  we  under- 
stand it  better.  I  have  been  trying  to  devise  an  apparatus  for 
getting  similar  results  photographically,  but  so  far  without  suc- 
cess. I  found  so  many  difficulties  in  the  way  that  I  can  the 
better  appreciate  the  ingenuity  with  which  Prof.  Richards  has 
taken  this  first  step  towards  dissecting  the  actual  action  of  the 
jig.  I  still  think  that  a  photographic  method  would  be  the  best, 
though  I  must  confess  that  I  do  not  yet  see  how  to  arrange  it. 

Prof.  Richards  (communication  to  Secretary) :  In  replying 
to  the  criticisms  of  Prof.  Louis,  I  will  take  up  the  points  one  by 
one  in  the  order  that  they  occur  in  his  remarks. 

1.  His  suggestion  of  parallel  motions  for  the  pencil-rods  does 
not  meet  my  approval :  first,  because  it  would  greatly  compli- 
cate an  instrument  which  must  be  simple  in  order  to  succeed; 
and  secondly,  because  it  is  unnecessary,  since  the  pencil-rods 
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run  between  anti-frietion  rollers  and  I  have  many  times  watched 
the  cork-float  rising-  and  falling  with  the  water,  when  connected 
with  the  instrument  and  when  disconnected,  and  can  see  no 
dittt'rence  in  its  behavior. 

2.  With  regard  to  the  kind  of  curves  that  are  produced,  I 
would  say  that,  if  the  Harz  jig  obeyed  a  simple  mathematical 
law,  uncomplicated  by  the  many  disturbing  influences  which 
occur  (for  example,  leaky  plunger,  vibrations  of  the  machine, 
secondary  vibrations  of  the  water,  inequalities  in  the  bed,  bend- 
ing of  the  excentric  shaft,  back-lash  in  the  excentric),  then  all 
my  plunger-  and  water-curves  would  be  the  projections  of  screw- 
threads  or  helixes.  The  plunger-curves  approach  this  form  in 
the  majority  of  cases.  Fig.  6  may  be  possibly  a  trifle  better 
than  its  neighbors  in  this  respect.  The  central  portion  of  a 
long-drawn-out  helix  will  appear  to  be  a  straight  line ;  the  ends 
will  appear  to  be  curved. 

3.  The  dift'erence  between  5472  cubic  inches  displaced  by  the 
plunger,  and  2477  cubic  inches  of  water  raised,  which  seems 
large,  is,  I  think,  attributable  to  three  causes : 

a.  The  w^ater-curve  is  much  flattened  on  the  lower  end.  The 
cork  was  resting  on  the  rock  while  the  water  disappeared  from 
view,  coming  up  again  on  the  return  of  the  plunger. 

h.  The  plunger  in  this  case,  as  in  all  Harz  jigs  in  this  coun- 
try, does  not  fit  its  box,  but  has  quite  a  leak  all  round,  particu- 
larly on  the  sides,  to  allow  for  the  rocking-movement  of  the 
excentric-wheel.  This  leak  \\\\\  shorten  the  w^ater-curve  as 
compared  with  that  of  the  plunger  considerably. 

c.  The  screen  is  of  |-inch  round  holes  and  |-inch  space.  The 
rows  of  holes  are  at  right  angles  to  each  other  both  ways.  If 
we  draw  a  square  w^ith  its  four  angles  at  the  centers  of  four 
contiguous  holes,  we  see  that  for  0.11  square  inch  of  hole  there 
will  be  0.45  square  inch  of  solid  metal.  The  holes  occupy  only 
19.6  per  cent,  of  the  total  area.  This  excessive  contraction 
increases  largely  the  friction,  the  leak  of  the  plunger,  and  hence 
the  diminution  of  the  curve. 

4.  I  think  the  return  of  the  quartz  and  ore  slightly  before 
that  of  the  plunger  and  water  is  as  it  should  be ;  for  the  upward 
speed  of  the  water  slackens  as  it  approaches  its  apex,  and  allows 
the  quartz  and  ore  to  fall.  Some  of  the  curves  fail  to  show  this 
quality;  for  example,  Figs.  7  and  10,  where  the  rock  is  even  a 
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little  later  than  the  plunger.  This  is  probably  due  to  an  error 
in  combining  the  curves.  The  quartz  and  ore  will  always  start 
downwards  slightly  before  the  water  does.  The  quartz  in  its 
descent  has  reached  a  higher  velocity  than  the  water  before  the 
former  came  to  rest  on  the  bed.  The  distance  of  its  fall  is  so 
short  that  this  point  is  not  strongly  marked. 

5.  The  lines  W,  R  and  0  are  not  parallel.  If  we  measure 
the  distance  between  "W  and  R  on  the  ordinate  which  is  2^ 
inches  from  the  left  edge,  we  find  it  to  be  1.25  inches;  if  we 
measure  the  distance  between  W  and  R  on  the  ordinate  which 
is  2|  inches  from  the  left  edge,  we  find  it  is  2.45  inches,  show- 
ing that  the  quartz  is  falling  faster  than  the  water. 

6.  It  is  at  present  only  possible  to  exhibit  the  conditions 
wdien  and  where  the  suction  takes  place.  It  is  impossible  to 
attach  a  thread  to  a  fine  particle  and  have  it  record  its  doings 
while  its  coarser  neighbors  are  doing  their  duty  as  bed.  This 
ivhen  and  where  is  very  clearly  shown  by  most  of  the  jig-curves 
given  in  the  paper. 

7.  It  is  unfortunate  that  Prof.  Louis  chose  the  most  extraor- 
dinary jig-record  in  the  whole  paper  for  his  discussion.  I 
would  suggest  to  him  that  he  examine  Figs.  4,  5  and  11  for 
plain  excentric  jigs,  and  25,  26  and  27  for  accelerated  jigs.  I 
think  these  are  as  free  as  any  from  instrumental  errors  or  ab- 
normal jig-actions. 

8.  With  regard  to  testing  the  jigging-operation  upon  spheres 
of  equal  diameter  and  of  varied  specific  gravity  I  mil  be  very 
glad  to  lend  my  instrument  to  make  such  a  test,  if  Prof.  Louis 
or  any  other  competent  engineer  desires  to  pursue  the  investi- 
gation in  that  direction. 

I  am  quite  sensible  of  the  fact  that  the  instrument  has  its 
defects,  the  greatest  of  which  is,  that  the  quartz-  and  water-cards 
are  not  taken  at  the  same  time.  This  defect  renders  it  necessary 
to  combine  two  cards  taken  at  different  times ;  and  the  personal 
equation  comes  in  to  some  extent  in  that  work. 

I  hope  in  the  near  future  to  rearrange  the  instrument  so  that, 
for  a  jig  of  moderate  plunger-throw,  the  two  cards  can  be  taken 
together. 
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The  Accumulation  of  Amalgam  on  Copper  Plates. 

Discussion  of  the  Paper  of  Mr.  K.  T.  Bayliss  (see  p.  33). 
(Pittsburgh  Meeting.  February,  1896.) 

L.  D.  GoDSHALL,  Everett,  Washino-ton  :  This  very  interesting 
paper  cannot  fail  to  command  the  attention  of  every  one  who 
has  ever  had  experience  in  the  amalgamation  of  gold-ores.  I 
wish  to  call  attention  to  three  very  important  facts  brought  out 
ver}'  prominently  by  the  paper,  namely : 

1.  The  extent  of  accumulation  of  amalgam  on  copper  })lates 
in  the  form  of  scale,  not  removable  in  the  ordinary  manner ; 

2.  The  change  in  the  relative  quantity  of  the  two  metals  in 
the  amalgam  as  we  recede  from  the  battery-discharge ; 

3.  The  difference  in  tineness  of  the  bullion  obtained  from  the 
above-mentioned  scale  as  compared  with  the  bullion  from  the 
daily  clean-ups. 

From  Mr.  Bayliss's  figures  we  find  that  during  the  life  of  the 
plate  in  question  14,942  tons  of  ore  were  crushed,  yielding 
amalgam  of  the  value  of  $5.03  per  ton,  or  a  total  value  of  $75,- 
158.26.  The  amalgam  accumulating  on  the  plate  during  this 
time  as  scale,  we  find  to  have  had  a  value  of  $8340.54,  or 
$0,558  per  ton  of  ore  treated,  representing  11.09  per  cent,  of 
the  total  amount  of  amalgam  saved  in  the  ordinary  clean-up ; 
or,  taking  the  amalgam  saved  by  daily  clean-up  plus  the  aniul- 
gam-scale  as  representing  the  total  saved  on  this  plate,  or  100 
per  cent.,  we  find  that  the  daily  clean-up  saved  90.01  per  cent., 
while  the  scale  represented  9.99  per  cent.  The  aljove  figures 
do  not  include  some  additional  amalgam  still  adhering  to  the 
plate  after  scale  had  been  removed. 

We  are  told  that  this  was  not  an  exceptional  case  at  the 
Drum  Lummon,but  that  other  })lates  have  even  yielded  a  third 
more  than  the  one  in  question.  The  interesting  query  now 
comes  up,  whether  this  experience  at  the  Drum  Lummon  is 
exceptional  or  universal  at  all  mills;  and  another  question 
arises,  as  to  how  long  such  an  accumulation  might  continue, 
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and  at  wliat  rate.  It  is  to  be  lioped  that  the  experience  of 
others  may  be  given,  in  order  to  throw  additional  light  on  this 
subject. 

The  difference  in  composition  of  the  scale  and  ordinary  anial- 
gam  is  very  interesting.  Tabulating  the  results  given  by  Mr. 
Bayliss,  we  obtain  the  following : 


Average  Fineness  of  Bullion  Obtained  froyn  : 


Au.... 
Ag.... 

Total 


Amalgam  of 
Daily  CI  eau-up. 


541.5 
413.9 


985.4 


Scale. 


Amalgam  from 

Copper  Plates 

on  Frue 

Vaiiners. 


431.4 
5t)2.5 


380.5 
602.0 


993.9 


982.5 


The  above  shows  conclusively  what  Mr.  Bayliss  claims,  "  that 
the  gold-fineness  of  bullion  is  highest  nearest  to  the  battery,  and 
gives  place  to  a  steadily  increasing  silver-fineness  as  the  amal- 
gam is  deposited  upon  the  copper  plates  at  greater  distance 
from  the  battery-discharge." 

With  reference  to  fact  No.  2,  there  is  no  doubt  in  my  mind 
that  the  change  in  the  composition  of  the  amalgam  as  we  re- 
cede from  the  battery-discharge  is  caused  by  a  difference  in  the 
tendency  of  the  gold  and  silver  to  amalgamate,  the  former 
amalgamating  more  easily  than  the  latter,  and  therefore  more 
quickly,  and  hence  being  found  nearer  to  the  battery-discharge. 

Fact  No.  3,  however,  is  not  so  easily  explained.  In  the  first 
place  we  must  assume  some  cause  for  the  formation  of  the  scale. 
Let  us  call  this  the  affinity  of  the  amalgamated  gold  and  silver 
for  the  amalgamated  surface.  I  use  the  term  "  amalgamated  " 
gold  and  silver,  as  it  is  evident  that  the  gold  and  silver  must 
first  pass  through  the  form  of  amalgam  before  becoming  scale ; 
the  next  assumption  then  naturally  follows,  that  the  cause  of 
the  phenomenon  is  a  greater  afiinity  of  silver  for  the  amalga- 
mated (or  scale-forming)  surface  than  that  of  gold. 

Mr.  Bayliss,  referring  to  native  silver  in  the  ore,  claims  that 
the  facts  in  the  case  disprove  the  theory  which  ascribes  the  re- 
sults to  such  native  silver.  He  does  not,  however,  take  into 
consideration  that  the  condition  of  the  native  silver  in  the  ore 
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may  be  very  differeut,  or  its  behavior  very  ditterent,  from  that 
of  the  same  silver  after  amalgamation.  In  that  distinction,  to 
my  mind,  lies  the  solution  to  the  problem. 

Arthur  L.  Collins,  Central  City,  Colo. :  The  interesting 
paper  of  Mr.  Bayliss  recalls  a  recent  experience  of  my  own, 
which  may  be  useful  as  a  comparison. 

We  had  occasion  recently  to  rebuild  the  Hidden  Treasure 
mill,  of  75  stamps,  at  Black  Hawk,  Colo.,  after  nearly  10  years  of 
service.  This  mill  also  belongs  to  an  English  company — the 
California  M.  &  M.  Co.,  Ltd., — operating  the  California  mine, 
Gilpin  county,  Colo.  It  is  a  typical  Colorado  mill,  with  roomy 
mortars,  high  drop  and  deep  discharge ;  two  inside  plates,  and 
an  apron-plate  54  inches  wide  by  12  feet  long,  being  used  for 
each  battery  of  5  stamps.  The  ores  treated  are  soft,  consisting 
of  quartz  and  decomposed  feldspar,  carrying  from  10  to  20  per 
cent,  of  sulphides,  mainly  iron  pyrites  and  zinc-blende.  The 
stamping  is  very  fine ;  a  slot-screen  equivalent  to  a  50-  or  60- 
mesh  being  used.  The  ore  milled  yields  on  an  average  6  dwt. 
of  crude  bullion  per  ton,  740  fine  in  gold  and  220  in  silver,  the 
balance  being  mainly  copper.  But  as  large  amounts  of  custom- 
ore  are  treated  at  the  mill,  this  fineness  varies  within  wide 
limits. 

On  rebuilding  the  mill,  each  plate  was  thoroughly  scoured 
for  several  hours  with  sharp  sand  from  the  tailings,  hot  water 
and  quicksilver.  The  loosened  amalgam  could  then  be  removed 
(after  washing  ott"  the  sand  with  hot  water)  with  a  rubber  scraper 
in  the  ordinary  way,  leaving  the  plate  with  a  good,  soft  surface 
of  amalgam,  in  excellent  condition  for  further  use.  In  this  way 
an  average  of  $100  was  saved  from  each  plate;  the  crude  bul- 
lion carrying  the  ordinary  proportion  of  gold  and  silver,  with  a 
slight  increase  in  the  copper,  from  the  scouring  of  the  plate. 

To  ascertain  the  value  still  left  on  the  coppers,  5  plates  were 
shipped  to  the  Argo  smelting  works,  realizing  an  average  of 
$150  each,  or  about  8  ounces  of  fine  gold  per  plate.  Thus  after 
10  years  of  constant  use,  and  after  about  as  much  ore  had 
passed  over  it  as  in  the  Montana  case,  reported  by  Mr.  Bayliss, 
each  plate  ^-ielded  only  $250  instead  of  over  $8000. 

It  is  only  a  rich  corporation  like  the  Montana  Mining  Com- 
pany, Limited,  which  can  attbrd  to  keep  $8000  locked  up  idly 
on  each  plate,  or  $80,000  in  a  mill  of  50   stamps.     Without 
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considering  interest  on  so  large  a  sum,  possible  losses  from 
theft  or  lire,  or  even  from  the  abrasion  or  peeling  off  of  parts 
of  the  amalgam-scale,  should  alone  suggest  some  need  for  im- 
provement. Such  practice  needs  the  strongest  justification  of 
absolute  necessity  or  direct  advantage — neither  of  which  I 
venture  to  think  can  be  shown  for  it. 

In  this  district,  where  over  half  of  the  500  or  600  stamps  of 
the  camp  are  run  on  small  lots  of  custom-ore,  on  each  of  which 
a  complete  clean-up  has  to  be  made,  it  would  be  impossible  to 
run  in  that  way.  The  whole  difference  probably  lies  in  the 
mode  of  cleaning  the  plates,  and  especially  in  the  use  of  the 
steel  scraper.  This  much-abused  tool  can  doubtless  be  used  so 
as  to  ruin  any  plate;  but  in  proper  hands  it  is  indispensable  to 
the  thrifty  millman.  The  scrapers  used  in  this  district  are 
made  from  J^-i^^^h  steel,  about  3  inches  wide,  ground  square 
across,  so  as  to  give  two  right-angled  edges. 

We  find  that  with  certain  ores  of  this  district — notably  those 
from  the  Bates-Hunter,  Fisk  and  Corydon  mines — the  amalgam 
has  a  strong  tendency  to  form  hard  scale  on  the  plates,  which 
cannot  be  removed  with  a  rubber  scraper,  whisk-broom  or  any 
such  tool.  But  with  a  steel  scraper  the  scale  can  be  broken 
through  and  cracked  off  like  a  layer  of  dry  putty,  and  this,  if 
done  properly,  leaves  the  plate  with  a  soft  and  "  satiny ''  amal- 
gam surface,  if  anything  better  for  catching  gold  than  the  un- 
even surface  of  harder  scaled  amalgam.  The  use  of  the  steel 
scraper  is  almost  always  necessary  with  inside  plates,  where  the 
scouring  of  the  heavy  mineralized  pulp  seems  to  harden  all  the 
amalgam. 

Experience  here  shows  that  amalgam  which  forms  hard  scale 
on  the  plates  pelds  bullion  finer  in  gold  and  lower  in  silver 
than  the  softer  variety ;  and  it  is  generally  obtained  from  ores 
carrying  comparatively  coarse  or  flaky  gold.  Possibly  only  the 
coarser  precious  metal  tends  to  form  hard  amalgam  scale  on 
copper  plates,  so  that  while,  in  the  Drum  Lummon  ore,  the 
native  silver  is  the  coarser,  in  the  Gilpin  county  case,  where 
native  silver  is  almost  unknown,  scale  can  only  form  from  ores 
carrying  coarse  gold. 

One  part  of  Mr.  Bayliss's  experience,  as  to  the  increasing 
proportion  of  silver  to  gold  in  the  amalgam  caught  farthest 
from  the  battery,  is  duplicated  here.     After  the  apron-plate,  an 
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amalii:;im-trap,  and  about  5  feet  of  blanket-sluice,  avc  secure 
part  of  the  concentrates  on  percussion-tables  of  the  continuous 
(Gilpin  county)  t^-j^e,  the  bed  of  the  table  being  made  of  cop- 
per and  amalgamated.  On  these  a  further  trifling  amount  of 
amalgam  is  secured,  and  still  more  amalgam  gradually  accu- 
mulates on  the  tables,  forming  a  rough  scale,  which  is  tough 
enough  to  trouble  even  a  steel  scraper,  and  can  only  be  fully 
recovered  when  the  table  is  worn  out.  Amalgam  secured  on 
this  table  yields  bullion  which  almost  always  assays  higher  in 
silver  and  lower  in  gold  than  the  average  secured  on  the  apron- 
plate  above. 

Robert  Gilman  Brown  and  R.  C.  Turner,  Bodie,  Cal. :  The 
facts  of  particular  interest  in  Mr.  Bayliss's  paper  are  the  value 
of  the  absorbed  amalgam  and  the  changed  ratio  of  silver  to 
gold  in  the  adhering  amalgam,  as  compared  with  that  of  the 
routine  clean-ups. 

A  single  statement  on  the  first  point  deserves  special  con- 
sideration, namely,  that  "  upon  being  cut  up  and  melted  into  a 
bar,  the  value  of.  the  gold-  and  copper-contents  amounts  to 
more  than  twice  the  value  of  a  new  plate ;  hence  the  substitu- 
tion of  new  plates  for  old  is  an  expenditure  which  can  be  viewed 
without  concern." 

This  conclusion  is  not  of  necessity  true;  and  whether  it  be 
true  or  not  depends  upon  a  question  to  which  the  conditions  ot 
this  case  give  no  answer. 

Does  the  absorption  of  amalgam  into  a  new  plate  proceed 
promptly,  being  chiefly  accomplished  within,  say,  the  first 
thirty  days  of  use,  or  is  it  a  direct  function  of  the  time,  in- 
creasing in  simple  proportion  ? 

On  the  face  of  the  matter  the  former  seems  the  most  prob- 
able, as  the  appetite  of  the  plate  for  the  amalgam  should  be- 
come weakened  with  its  partial  satisfaction.  On  the  other 
hand,  it  is  possible  that  the  soaking  of  the  amalgam  into  the 
plate  may  proceed  so  slowly  as  to  make  the  monthly  rate  ap- 
pear practically  constant  for  several  months  or  even  years. 

To  obtain  a  little  light  on  this  point,  three  strips  of  silvered 
copper,  approximately  1  by  3  inches  in  size,  were  placed  on 
the  battery-apron  of  the  Standard  Company's  gold-mill,  at 
Bodie,  California,  which  is  operated  without  battery-amalgama- 
tion.    There  they  were  left  for  varying  periods  and  subjected  to 
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the  same  routine  of  cleaning  and  scraping  with  the  aprons 
themselves.  They  were  finally  cleaned  as  closely  as  possible, 
all  surface-amalgam  being  ri-moved,  and  their  values  were  deter- 
mined.    The  complete  results  appear  in  the  foregoing  table : 

These  leave  much  to  be  wished  for  in  the  way  of  more  com- 
plete information,  but  also  serve  to  strengthen  the  a  priori  prob- 
abilitv  of  the  alternative  first  stated  above. 
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Diagram  Showing  Rate  of  Gold-Absorption. 

Studying  the  absorption  of  gold   only,  the  rate  per  day  per 
square  inch  of  surface  for  the  several  strips  is  as  follows : 

No.  1 — 3.68  milligrammes. 

No.  2 — 1.14  milligrammes. 

No.  3 — 0.68  milligrammes. 

Or  for  No.  2,  assuming  its  unit-increase  for  the  first  two  days 
to  be  the  same  as  that  of  No.  1,  the  increase  for  the  remaining 
five  days  is  0.60  milligrammes,  or  0.12  milligrammes  per  square 
inch  per  day.  And  for  No.  3,  assuming  its  increase  for  the 
first  seven  days  to  be  the  same  as  for  No.  2,  for  the  remaining 
seven  days  it  is  1.51  milligrammes,  or  0.22  milligrammes  per 
square  inch  per  day.  This  result,  though  not  quite  at  one 
with  that  from  No.  2,  still  marks  strongly  the  tendency  in  the 
case.  This  appears  still  more  forci])ly  in  the  diagrammatic  ex- 
pression, Fig.  1. 
VOL.  XXVI. — 67 
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From  this  it  would  appear  that  the  destruction  of  plates  for 
the  sake  of  the  absorbed  amalgam  may  be  poor  economy.  For 
if,  as  appears  probable  from  this  experiment,  the  greatest  ab- 
sorption takes  place  in  the  iirst  few  days  of  the  run,  the  larger 
part  of  the  value  recovered  by  destruction  of  the  plate  is  im- 
mediately taken  up  again  from  the  daily  amalgam,  and  at  the 
same  time  the  mill  is  taxed  for  a  new  plate. 

But,  in  any  event,  it  would  appear  that  the  recovery  of  ab- 
sorbed values  by  destruction  of  the  plate  is  of  the  nature  of  a 
discounted  loan,  in  which  the  discount  amounts  to  the  value  of 
the  new  plate,  and  the  repayment  of  which  must  be  provided 
for  by  monthly  deductions  from  product,  to  the  amount  of 
which  the  loss  of  interest  on  these  deductions  must  be  added. 
"With  more  complete  data  as  to  the  rate  of  absorption  this  could 
be  expressed  as  a  formula;  but  the  constants  would  certainly 
vary  with  different  ores  and  changed  conditions  of  plates. 

The  above  experiments  were  carried  on  with  very  soft  and 
"  wet "  plates,  and  it  is  to  be  presumed  that  such  conditions 
would  favor  early  absorption.  Certainly  there  is  no  possibility 
of  accumulations  of  hard  amalgam  to  any  considerable  thick- 
ness on  the  plates  of  the  Standard  Company's  mill,  and  it  will 
be  admitted  that  a  coating  of  -^^\-  to  -jlg-inch  is,  to  say  the 
least,  extraordinary.  It  would  seem  that  a  judicious  use  of  the 
steel  scraper  would  have  prevented  this,  witli  no  appreciable 
harm  to  the  plates;  the  plates  in  the  Standard  mill  have  been 
relieved  of  the  harder  amalgam  with  a  steel  scraper  for  four 
and  one-half  years,  and  are  to-day  in  prime  condition. 

The  second  point,  of  the  high  silver-ratio  of  the  adhering 
amalgam  can,  to  a  large  extent  at  least,  be  traced  to  the  stiff- 
ness of  silver-amalgam,  which  is  a  very  noticeable  feature  of 
it.  This  would  resist  removal  by  the  rubber  scraper  more  than 
the  softer  gold-amalgam. 

In  this  connection  it  would  have  been  interesting  to  have 
had  recorded  the  ratio  of  silver  to  gold  in  the  bar  resulting 
from  the  destruction  of  the  plate,  for  comparison  with  the  ratio 
in  the  amalgam.  In  the  experiments  here  recorded  it  is  notice- 
able that  the  ratio  is  but  10  to  14  parts  silver  to  100  parts  gold, 
while  the  average  plate-amalgam  gives  about  75  silver  to  100 
gold.  The  plate  then  exerts  a  straining  action,  b'ing  more  per- 
meable to  gold  than  to  silver-amalgam.     This  is  borne  out  by 
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the  extra  tests  on  an  old  piece  of  copper  sluice-plate.  The 
amalgam  scraped  from  its  surtace  carried  gold  and  silver  in 
the  ratio  of  100  :  77,  while  the  plate  itself  showed  but  100  :  17. 
The  whole  question  is  one  of  commercial  as  well  as  scientitic 
interest,  and  Mr.  Bayliss  should  be  thanked  by  all  concerned 
in  gold-milling  for  having  drawn  attention  to  the  facts. 

Some  additional  ex[)eriments  have  been  undertaken  with  the 
view  of  gaining  data  from  more  extended  exposures  to  amal- 
gam;  and  these  wi"l  be  reported  to  the  Institute  in  due  time. 

Mr.  Bayliss  :  The  interesting  contributions  to  this  discussion 
call  for  some  notice  and  a  few  remarks  in  reply. 

Mr.  Godshall,  in  considering  "the  change  in  the  relative 
quantity  of  the  two  metals  in  the  scale-amalgam  as  we  recede 
from  the  battery-discharge,"  accounts  for  the  increasing  pro- 
portion of  silver  on  the  theory  that  the  gold  in  the  ore  amal- 
gamates more  easily,  and,  therefore,  more  quickly,  than  silver ; 
but,  in  seeking  for  an  explanation  of  the  fact  that  the  fineness 
of  the  bullion  from  scale-amalgam  difters  so  widely  from  the  tine- 
ness  of  the  bullion  from  the  daily  clean-ups,  he  suggests  that,  after 
the  two  metals  have  passed  into  the  form  of  amalgam,  the  sil- 
ver therein  contained  has  a  greater  aflinity  for  the  amalgamated 
(or  scale-forming)  surface  than  gold,  and  goes  on  to  suggest 
that  I  have  not  taken  into  consideration  that  "  the  condition  of 
the  native  silver  in  the  ore  may  be  very  ditferent,  or  its  be- 
havior very  different,  from  that  of  the  same  silver  after  amal- 
gamation." In  this  distinction  he  finds  a  solution  of  the 
problem. 

I  submit  this  distinction  is  a  very  subtle  one  and  freely  ad- 
mit that  I  am  unacquainted  with  the  fact  that  the  process  of 
amalgamation  reverses  the  relative  affinity  of  gold  and  silver 
for  an  amalgamated  surface,  if  any  such  difference  exists. 

The  experience  of  Mr.  Collins  in  the  Hidden  Treasure  mill, 
at  Black  Hawk,  Colo.,  does  not  appear  to  be  quite  in  line  with 
the  case  under  review,  as  his  mill  was  largely  employed  in  the 
treatment  of  custom-ores,  which,  if  paid  for  on  mill-returns  (as 
seems  to  be  the  practice),  would  necessitate  the  careful  recovery 
of  accumulated  amalgam  after  each  operation.  It  is,  however, 
of  interest  to  note  that  the  value  of  Mr.  Collins's  plates  after 
they  had  been  thoroughly  scoured,  as  determined  by  the  Argo 
smelting-works,  namely,  8  ounces  of  fine  gold  per  plate,  cor- 
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responds  very  closely  with  the  experience  in  the  Drum  Lum- 
mon  mill,  where  the  gold-contents  of  a  plate,  after  the  removal 
of  the  scale,  amounts  to  8.96  ounces. 

Mr.  Collins,  with  some  force  and  great  fairness,  challenges 
the  practice  of  permitting  the  accumulation  of  amalgam  as 
neither  necessary  nor  advisable.  I  should  be  indisposed  to 
defend  such  practice  as  a  universal  or  arbitrary  principle ;  for 
I  am  satisfied  that  special  causes  contribute  to  the  accumula- 
tion of  amalo-am  in  the  Drum  Lummon  mill  in  such  a  marked 
degree.  But  in  this  particular  case  the  practice  seems  to  be 
justified  by  the  fact  that  careful  records  of  the  daily  pulp-  and 
tailing-samples  taken  from  batteries  served,  on  the  one  hand 
by  a  plate  coated  with  this  scale  and  on  the  other  hand  by  a 
plate  not  so  coated,  and  also,  in  another  case,  by  a  plate  from 
which  the  scale  had  been  removed  by  a  steel  scraper,  proved 
beyond  question  that  there  was  in  the  first  instance  an  addi- 
tional percentage  of  gold  recovered,  which  completely  out- 
w^eighed  the  undoubted  disadvantages  of  the  practice,  such  as 
loss  of  interest  on  money,  risk  of  possible  loss  from  fire,  etc. 
Moreover,  the  necessity  for  the  practice  in  the  Drum  Lummon 
mill  has  been  proved  by  the  fact  that  it  has  been  found  impos- 
sible to  remove  the  scale,  which  is  extremely  hard,  by  means 
of  a  steel  scraper  without  injury  to  the  plate  itself  and  the  de- 
struction of  its  amalgamating-efiiciency. 

Messrs.  Brown  and  Turner  seem  to  me  to  have  mistaken  the 
object  in  view  in  the  substitution  of  new  plates  for  old  after 
the  accumulated  scale  has  been  removed,  inasmuch  as  they 
point  to  the  result  of  their  very  interesting  and  complete  ex- 
periment on  the  period  covered  by  the  absorption  of  amalgam 
l)y  a  new  plate,  as  evidence  "  that  the  destruction  of  plates  for 
the  sake  of  the  absorljed  amalgam  may  be  poor  economy.", 
This  impression  on  their  part  may  be  removed  by  the  state- 
ment that  the  new  plates  are  not  substituted  for  the  old  for  the 
purpose  of  recovering  the  amalgam  still  remaining  on  the  latter, 
but  because  the  drastic  treatment  to  which  the  old  plates  have 
been  subjected  in  the  removal  of  the  scale,  as  fully  described 
in  my  paper,  renders  them  wholly  unfit  for  further  use. 

They  remark  also  that  "  the  high  silver-ratio  of  the  adhering 
amalgam  can,  to  a  large  extent  at  least,  be  traced  to  the  stifi:- 
ness  of  silver-amalgam,  which  would  resist   removal    by  the 
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rubber  scraper  more  tbau  the  softer  g:()ld-amali>-am."  lu  the 
case  under  discussion  it  is  not  possible  to  subscribe  to  this 
theory  because  experience  tends  to  prove  tiiat  the  silver-amal- 
o:am  obtained  from  the  Pnini  Lummon  ores  is  not  so  stiff  and 
solid  as  the  gold-amalgam. 

The  inquiry-  of  Messrs.  Brown  and  Turner  as  to  "  the  ratio 
of  silver  to  gold  in  the  bar  resulting  from  the  destruction  of 
the  plate  "  reveals  a  strange  conflict,  in  the  case  under  discus- 
sion, with  the  results  obtained  by  them  in  the  experiment  to 
test  the  absorption  of  gold  and  silver  by  copper  plates.  They 
report  that  the  metal  absorbed  was  in  the  ratio  of  "  but  10  to 
14  parts  of  silver  to  100  parts  gold,  while  the  average  plate- 
amalgam  gives  about  75  silver  to  100  gold." 

The  copper-plate  at  the  Drum  Lummon  mill,  on  the  other 
hand,  upon  being  run  into  a  bar,  was  found  to  contain  8.96 
ounces  gold  and  9.62  ounces  silver,  or  in  the  ratio  of  93  parts 
gold  to  100  parts  silver  ;  whereas  the  average  plate-amalgam 
from  daily  clean-ups  gives  82  parts  of  silver  to  100  parts  of  gold, 
showing,  in  this  instance,  that  the  plate  was  apparently  more 
permeable  to  silver-  than  to  gold-amalgam,  instead  of  the  re- 
verse, as  proved  by  the  tests  in  the  Standard  Consolidated  mill. 

And,  completing  the  comparison  by  ratio  throughout  each 
stage  of  the  amalgam  obtained  from  the  plate  in  question,  we 
find : 

1.  Amalgam  from  clean-ups  contains  gold  100,  silver  82. 

2.  Amalgam  from  accumulated  scale  contains  silver  100, 
gold  76. 

3.  Amalgam  from  vanner-plates  contains  silver  100,  gold  63. 

4.  Gold  and  silver  absorbed  in  plates,  silver  100,  gold  93. 

In  conclusion,  I  submit  that  we  must  look  to  chemical,  and  not 
to  mechanical,  causes  for  the  explanation  of  the  two  important 
facts  raised  in  this  discussion,  namely,  the  excessive  accumula- 
tion of  scale  and  the  variation  in  the  relative  value  of  gold 
and  silver  in  the  amalgam  taken  off  the  plates  from  day  to 
day,  as  compared  with  that  remaining  on  them  in  the  form  of 
scale.  It  is  a  question  which  I  must  of  necessity  leave  in  more 
capable  hands,  but  in  the  solution  of  which  I  shall  be  pleased 
to  assist  by  affording  all  the  information  at  my  command. 

Frank  Owen,  Marble  Bar,  Western  Australia  (communica- 
tion to  the  Secretary) :  In  connection  with  the  discrepancy  'ob- 
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served  by  Mr.  Bayliss  in  the  relative  fineness  of  the  bullion  ob- 
tained by  amalgamation  on  copper-plates  from  an  ore  containing 
gold  and  silver,  and  the  bullion  obtained  afterwards  by  scraping 
the  same  plates,  a  somewhat  similar  experience  with  a  different 
class  of  ore  may  be  of  interest. 

The  observation  to  which  I  refer  was  made  at  the  El  Silencio 
mine,  owned  by  the  Frontino  and  Bolivia  Gold  Mining  Co., 
Ltd.,  of  London,  and  situated  at  Remedios,  department  of  An- 
tioquia,  Republic  of  Colombia.  The  ore  consisted  of  auriferous 
(mixed  with  a  little  arsenical  and  occasionally  antimonial)  py- 
rites, galena  and  zinc-blende.  The  proportion  of  pyrites  in  the 
ore  ranged  from  1  to  12  per  cent.  The  average  assay- value  of 
the  ore  was  1  ounce  gold  and  5  ounces  silver  per  long  ton.  It 
was  mined  at  a  depth  of  from  220  to  285  feet.  The  gangue 
was  quartz,  and  the  country-rock  syenitic  granite,  often  much 
decomposed,  so  that  it  was  easily  crushed.  The  proportion  of 
silver  to  gold  was  found  to  be  considerably  higher  in  the  galena 
than  in  the  pyrites. 

The  ore  was  treated  in  a  wooden  16-stamp  mill  (four  batteries 
of  four  heads  each)  of  the  native  pattern,  common  in  Colombia 
and  Brazil,  driven  by  an  over-shot  water-wheel,  and  capable  of 
crushing  a  maximum  of  550  tons  (of  2240  pounds)  monthly. 
The  shoes  were  of  cast-iron,  weighing  140  pounds,  and  the  total 
falling  weight  was  200  pounds.  The  mill  was  run  at  40  drops 
of  5  inches  per  minute.  The  screens  were  of  20-me8h  diago- 
nally-punched Russia  iron.  Silver-plated  copper-plates,  4  feet 
long  by  2  feet  6  inches  wide,  and  set  at  an  inclination  of  1  in 
20,  were  used  outside  the  battery  only,  and  were  cleaned  up 
once  in  24  hours.  The  usual  grade  of  bullion  produced  was 
gold,  600;  silver,  350;  total,  950.  The  amalgam  contained 
from  55  to  60  per  cent,  of  sponge-gold,  which  lost  from  1.5  to 
2  per  cent,  in  melting. 

In  February,  1891,  four  old  plates,  which  had  been  in  use 
from  2  to  2|  years,  were  scraped,  and  produced  bullion  of  the 
value  of  $22,500.  The  amalgam  obtained  by  scraping  contained 
from  45  to  50  per  cent,  of  sponge-gold,  which  lost  from  3  to  4 
per  cent,  in  melting.  The  grade  of  the  resultant  bullion  aver- 
aged :  gold,  450 ;  silver,  300 ;  total,  750 ;  whereas,  judging 
from  the  proportions  usually  obtained  from  the  plates,  one  would 
have  expected  it  to  show  :    gold,  473  ;  silver,  277.    After  chip- 
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ping  oft"  all  the  amalgam  aa  far  as  praeticable,  the  plates  were 
melted  down  into  30  auriferous  copper  bars,  which  realized  $750. 
As  I  do  not  care  to  "  step  in  "  where  I  notice  that  men  of  so 
much  greater  experience  in  stamp-milling  "  fear  to  tread,"  I 
shall  not  attempt  to  suggest  any  explanation  of  the  problem 
presented  by  these  observations. 


Copper-Ores  in  the  Permian  of  Texas. 

Discussion  of  the  Paper  by  Mr.  E.  J.  Schinitz  (see  p.  97). 
(Pittsburgh  Meeting,  February,  1896.) 

Henry  Louis,  Newcastle-upon-Tyne,  England  (communiea^ 
tion  to  the  Secretary)  :  I  have  been  much  interested  in  Mr. 
Schmitz's  description  of  the  copper-ore  bed  in  the  Permian  for- 
mation of  Texas.  He  compares  it  with  the  Mansfeld  Kapfer- 
schiefer;  but  it  seems  to  me  to  present  closer  analogies  with  a 
small  deposit  on  the  same  side  of  the  Atlantic,  in  Nova  Scotia, 
which  I  examined  in  1877.  I  quote  entirely  from  my  field- 
notes,  made  then,  and  from  specimens  still  in  my  possession. 
These  copper-deposits  are  known  in  several  places ;  but  I  ex- 
amined them  at  the  village  of  New  Annan,  on  the  banks  of  the 
French  river.  This  district  has  been  determined  by  Sir  J.  "W. 
Dawson  as  being  of  Permian  age,  and  this  determination  seems 
to  have  been  confirmed  as  recently  as  1891  by  the  operations 
of  the  Canadian  Geological  Survey.  The  following  is  the  sec- 
tion, very  imperfectly  exposed  in  a  few  shallow  levels,  described 
in  ascending  order : 

Red  sandstone,  moderately  fissile  and  markedly  false-bedded. 

Lower  nodule-bed,  1  inch  to  6  inches  thick,  of  fissile  mica- 
ceous sandstone,  containing  obscure  plant-remains  converted 
into  anthracite,  chalcopyrite,  chalcocite  and  iron  pyrites. 

Very  coarse  grit  or,  in  places,  red  sandstone ;  thickness  and 
character  variable. 

Upper  nodule-bed,  6  inches  to  2  feet  thick  exceptionally, 
generally  about  10  inches. 

Soft,  gray,  friable  shaly  sandstone,  with  nodules  of  copper-ore. 

Red  sandstone. 

All  these  strata  lie  flat,  in  ])laces  quite  horizontal,  in  places 
dipping  towards  the  river  at  5°  to  10°. 
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The  copper-nodule  beds  are  exposed  in  two  places,  about  a 
mile  apart ;  but  it  is  doubtful  whether  they  are  continuous  over 
the  area. 

The  upper  nodule-bed  is  the  more  important  one ;  the  nodules 
vary  in  weight  generally  from  I  ounce  to  J  pound,  but  have 
been  found  up  to  1|  pounds.  They  consist  of  very  pure  chal- 
cocite,  but  I  also  found  some  of  covelline,  more  or  less  pure, 
and  of  other  indeterminate  copper  minerals,  possibly  all  altera- 
tion-products of  chalcocite  and  chalcopyrite.*  All  the  nodules 
were  coated  with  carbonate  of  copper,  which  had  also  filled  up 
any  cracks  in  the  nodules,  and  had  impregnated  the  sandstone 
bed  to  a  certain  extent. 

It  will  be  seen  that  the  occurrence  presents  many  striking  an- 
aloffies  with  those  described  bv  Mr.  Schmitz,  while  the  main 
point  of  difference  is  no  less  striking,  namely,  that  his  nodules 
are  chiefly  carbonates  and  silicates,  whilst  mine  were  sulphides. 
It  would  be  interesting  to  know  whether  he  was  in  any  case  able 
to  detect  kernels  of  sulphides  in  these  nodules,  or  whether  it 
must  necessarily  be  supposed  that  they  were  formed  originally  as 
carbonates  and  silicates.  Deposits  of  these  oxidized  ores  seem 
almost  invariably  to  be  of  secondary  origin,  so  that  it  becomes 
important  to  know  whether  these  Texas  Permian  deposits  are  ex- 
ceptions. In  the  jS'ew  Annan  deposits,  pebbles  were  everywhere 
conspicuous  by  their  absence,  as  seems  to  be  the  case  also  in 
Texas.  In  spite  of  the  curious  and  persistent  occurrence  of 
copper-ores  in  Permian  formations  all  the  world  over,  I  am  not 
inclined  to  ascribe  to  these  nodule-deposits  any  contemporane- 
ous origin,  but  believe  them  to  have  been  produced  much  later 
than  the  formation,  and  perhaps  even  partial  consolidation,  of 
the  beds.  The  part  played  by  the  wood-remains  is  doubtful ; 
these  may,  of  course,  have  acted  as  reducing-agents,  precipitate 
ing  the  copper-ores  from  a  solution  that  was  percolating 
through  the  porous  beds.  If  so,  the  copper  was  probably  dis- 
solved as  a  sulphate,  and  the  probability  of  the  original  deposi- 
tion of  these  ores  as  sulphides  grows  stronger.  The  conversion 
of  chalcocite  into  covelline  is,  of  course,  a  comparatively  well- 
known  phenomenon. 

*  Analyses  by  myself  were  published  in  the  Transactions  of  the  Nova  Scotia  In- 
stitute of  Natural  Science,  vol.  iv.,  187s,  p  424. 
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Vein-Walls. 

Discussion  of  the  Paper  of  Mr.  T.  A.  Eickard  (see  p.  193). 
(Colorado  Meeting,  September,  1896.) 

R.  G.  Brown,  Bodie,  Cal. :  Mr.  Rickarcl's  paper,  with  its 
valuable  illustrations,  brings  into  fresh  clearness  the  game  of 
hide-and-seek  \vhich  the  miner  must  play  with  his  ore-deposit; 
but,  more  than  this,  it  goes  far  towards  classifying  those  per- 
plexing idiosyncrasies  which,  w^hile  unclassified,  constitute  a 
labyrinth  almost  without  clue.  Probably  every  engineer  can 
add  to  the  list  by  the  mention  of  at  least  one  fresh  detail  from 
his  own  experience,  and  I  for  one  would  like  to  comment  on 
two  of  Mr.  Bickard's  divisions. 

To  wdiat  he  has  written  about  "  walls  within  walls "  and 
"  walls  without  walls,"  the  accompanying  Figs.  1  and  2  may 
be  appropriate,  the  more  so  as  they  represent  conditions  obtain- 
ing in  a  part  of  the  Butte  copper-belt  more  typical  of  the  cop- 
per-veins as  a  whole  than  the  Gagnon,  which,  in  some  respects 
the  most  interesting  mine  in  the  camp,  stands  almost  alone  in 
many  particulars.     (See  Trans. ^  xvi.,  62.) 

Fig.  1  was  sketched  in  January,  1895,  in  the  stopes  above 
the  700-foot  level  of  the  Colusa-Parrot  mine,  east  of  the  Parrot 
and  southwest  of  the  Anaconda.  The  stope,  the  commercial 
foot-wall  of  which  is  shown  at  A,  was  30  feet  wide  at  this  sec- 
tion, the  pay-ore  being  massive  chalcocite,  jumbled  with  bornite, 
pyrite,  quartz  and  thoroughly  broken-down  granite.  A  and  A' 
are  inch-thick  seams  of  black  talc;  B,  B'  and  B"  are  also  talc, 
possibly  |-inch  thick.  In  the  plane  of  the  section  the  "banded 
quartz  "  and  "  quartz  and  pyrite  "  were  both  of  too  low  grade 
for  extraction,  but  5  feet  back  along  the  stope  had  been  of  fair 
value.  The  granite  with  quartz  and  bornite  between  B'  and 
A'  was  pay-ore,  but  that  to  the  right  of  B"  was  not.  In  both 
cases  the  ferro-magnesian  minerals  had  been  removed,  leaving, 
where  not  obscured  by  ore,  faint,  dark  patches.     Between  A' 
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and  B"  the  decomposition  had  left  a  gray  mass  of  kaolin,  so 
soft  that  the  prong  of  a  miner's  candlestick  could  be  thrust  into 
it  to  full  length. 

It  seems  probable  that  not  one  of  the  walls  shown  was  the 
true  foot-wall  of  the  shear-zone  occupied  by  the  ore,  bat  that 
this  title  belonged  to  a  considerable  mass  of  "  talc,"  several  feet 
to  the  right,  beyond  which  the  decomposition  was  inconsider- 
able. Evidently,  in  veins  of  this  kind,  the  most  thorough 
cross-cutting  is  in   order,  and  it  is  interesting  to  note  that,  in 
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this  case,  A  was  for  some  time  considered  to  be  the  limit  of 
the  ore. 

The  various  portions  of  Fig.  2  were  also  drawn  in  January, 
1895,  as  the  work  progressed,  in  the  stopes  over  the  600-foot 
level  of  the  same  mine.  I.,  II.,  III.  and  IV.  represent  faces  seen 
in  successive  visits  to  the  mine,  and  are  approximately  5  feet 
apart.  The  figure,  though  introduced  under  the  head  of  mul- 
tiple walls,  illustrates,  as  a  whole,  the  gradual  changing  of 
values  from  one  portion  of  the  vein  to  another,  and,  finally, 
gives  strong  support  to  the  gradual-replacement  -theory,  which, 
with  all  its  difficulties,  I  think  fits  the  Butte  conditions  most 
closely. 

The  granite  was  decomposed  to  the  extent  of  having  its  mica 
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represented  by  pearly  spots,  the  hornblende  by  dark  splotches 
and  the  feldspars  milky.  The  pay-ore  was  chaleocite  and  quartz, 
and  the  pyrite  occurred  in  fine,  brilliant  grains  of  inapprecial)le 
assay-value.  Block  AB  showed  in  Section  II.  nnissive  chaleocite 
on  its  left-hand  edge,  shading  into  quartz  and  chaleocite  (per- 
haps 15  per  cent,  of  the  latter)  a  few  inches  in.  The  left-hand 
edge  of  B  in  Section  III.  was  granitic  in  character,  but  fully 
mineralized  with  chaleocite.  Here,  again,  it  would  have  been 
most  natural  to  consider  A  the  wall  of  the  ore,  and  on  arriving 
at  Section  HI.  to  have  stopped,  believing  the  ore-ehute  to  have 
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"  petered "  out.     As  a  matter  of  fact,   ore  of  pay-grade  con- 
tinued for  30  feet  beyond  IV. 

Fig.  3  represents  a  boulder  of  hornblende-andesite,  with 
quartz-veins  of  various  relative  ages,  sketched  on  the  Syndicate 
hill,  Bodie,  California,  in  August,  1896.  It  is  introduced 
apropos  of  Mr.  Rickard's  remarks  about  twin-veins,  with  the 
suggestion  that  as  subdivided  lodes  often  resemble  twin-veins, 
so  veins  of  diiierent  ages  often  resemble  splits  of  the  same  lode. 
A,  apparently  a  branch  of  C,  is  cut  by  B,  which  again  is  faulted 
by  C.  It  requires  the  most  minute  study  of  the  boulder  to 
determine  that  A  is  an  independent  vein,  which  probably  swung 
around  towards  D  on  the  inner  edge  of  the  curve,  and  that  C, 
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the  youngest  member  of  the  group,  has  attached  itself  to  A,  so 
that,  but  for  the  apparently  anomalous  faulting,  the  difference 
in  age  would  not  have  been  guessed.  This  illustrates  in  a  small 
way  what  is  very  common  in  the  veins  of  the  Bodie  district. 
Frequently  a  vein  of  12  or  15  inches  will  be,  in  eflect,  robbed 
of  the  greater  part  of  its  value  by  the  branching-oif  of  a  2- 
inch  high-grade  feeder.     The  explanation  of  such  cases  is  that 


Fig.  3 


the  not-easily-recognizable  high-grade  feeder  has  all  along  fur- 
nished the  chief  value,  and  moreover,  on  the  analogy  of  the 
above,  that  the  feeder  is  an  independent  vein.  This  is  conclu- 
sively proved  in  more  than  one  instance  in  the  Bulwer  mine, 
where  the  small  high-grade  feeder  is  faulted  by  the  compara- 
tively large  low-grade  vein. 

The  point  seems  to  be  clearly  made  that  "  splits  "  or  "  feed- 
ers "  are  not  necessarily  to  be  considered  as  of  the  same  age 
with  the  main  vein. 

T.  E.  ScHWARZ,  Denver,  Colo. :  I  have  been  particularly 
pleased  with  this  paper,  because  of  the  accuracy  of  observation 
^nd  description  in  the  illustrations  cited.    I  wish  briefly  to  refer 
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to  the  term  "  ore-break,"  which  Mr.  Rickard  uses,  with  the 
following  explanatory  foot-note  : 

"  At  Red  Mountain,  in  Ouray  county,  Colo.,  it  has  been  the  practice  to  speak  of 
the  veins  :the  Gruston,  Yankee  Girl  and  other  celebrated  lodes)  as  'ore-breaks,' 
a  break  in  the  rock  accompanied  by  ore  ;  a  term,  it  seems  to  me,  much  preferable 
to  '  fissure-veins.'  " 

In  the  early  days  of  the  district,  in  1884,  when  placed  in 
charge  of  the  Yankee  Girl  mine,  then  but  slightly  opened,  and 
the  only  producing  property,  and  in  later  years  in  the  develop- 
ment of  the  National  Belle,  Genesee-Vanderbilt  and  Guston 
mines,  I  found  it  very  ditiicult  to  adapt  the  term  "  fissure-vein  " 
to  the  ore-doposits  I  was  developing.  Even  with  the  most 
liberal  interpretation  of  the  term  I  was  not  satisfied  to  describe 
the  ore  as  occurring  in  fissure-veins,  and  thus  to  identify  the 
formation,  in  some  degree,  with  that  of  well-known  fissure- 
vein  sections. 

The  ore-bodies  of  the  Red  Mountain  district  occur  as  chim- 
neys or  chutes,  having  great  persistence  in  depth  and  varying 
greatly  in  dip  and  cross-section,  but  ramifying  towards  the  sur- 
face. The  outcrops  of  these  ore-chutes  occur  along  lines  of 
alteration  of  the  andesite  or  enclosing  rock,  and  such  lines  were 
undoubtedly  fracture-planes  of  greater  or  less  extent.  These 
fracture-planes,  or  belts  of  metamorphosed  andesite,  were  in 
the  early  days  of  the  district  termed  by  me  "  ore-breaks,"  to 
signify  the  character  of  rock  along  the  line  of  which  the  ore- 
chimneys  occurred,  or  might  be  expected  to  occur.  They  were 
not  fissure-veins,  in  that  the  ore-bodies  did  not  confine  them- 
selves to  any  given  plane,  and  in  following  them  no  definite 
course,  either  laterally  or  vertically,  could  be  counted  upon 
ahead  of  exploration.  (See  Trans.,  xv'm.,  1S9.)  The  course  of 
an  ore-break  I  have  frequently  found  to  change  90°  in  a  depth 
of  several  hundred  feet. 

The  Red  Mountain  ore-bodies  undoubtedly  mark  the  course 
of  ascending  currents  of  heated  mineral  waters  of  the  nature  of 
hot  springs,  which  deposited  their  mineral  contents  by  replace- 
ment, and  were  naturally  active  along  the  lines  of  the  so-called 
ore-breaks.  Several  surface-vents  unite  with  depth,  until  the 
main  central  channel  is  generally  found  in  an  extended  zone  of 
kaolinized  andesite  at  the  intersection  of  two  or  more  ore- 
breaks. 
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The  illustration,  Fig.  1,  is  a  sketch  of  the  formation  existing 
on  the  300-foot  level  of  the  Genesee- Vanderbilt  mine,  so  far  as 
determined  by  drifts  and  diamond  drills  in  1893.  The  areas 
A,  B  and  C  are  of  hard,  fine-grained,  blue-black  rock,  which,  I 
believe,  was  determined  by  Mr.  G.  E.  Kedzie  to  be  hypersthene- 
andesite.     The  area  between  and  at  D  consists  of  more  or  less 


Altered 
Andesite 


l*  Andesite 


Ore  Bodies 


American  Bank  N'oic  Co,.N.T. 

Sketch-Plan,  Showing  Geology  on  the  3;'0-Foot  Level  of  the  Genesee-Yanderbilt 
Mine,  Eed  Mountain  District,  Colo. 

altered  whitish  andesite,  in  places  changed  to  a  soft  clay  or 
kaolin.  The  line  of  surface-outcrop  of  the  ore-break,  450  to 
500  feet  above  this  section,  is  X  Z,  along  which  ore-chimneys, 
with  their  hard  quartz  envelopes,  outcrop  at  V,  G  and  S. 
These  ore-chutes  have  been  traced  to  M  and  O  on  the  300-foot 
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level,  while  on  the  600-foot  level  they  appear  at  1^  and  P  in  a 
well-detined  ore-hreak,  T  K.  The  area  F  II,  surrounding  the 
core  of  ore  and  (juartz,  0  M,  is  a  mass  of  soft,  clayey  material 
heavily  charged  with    iron    pyrites    and    containing   siliceous 


Fig.  2. 


Cross-Seciion  of  Vein  in  Little  Giant  Mine,  Warren,  Idalio. 

bunches,  but    gradually   changing   into   a  firm,   light-colored 
andesite. 

The  al)0ve  description  will  show,  I  think,  that  the  formation 
at  lied  Mountain,  Colo.,  as  shown  in  the  Yankee  Girl,  Genesee- 
Vanderbilt  and  other  properties,  is  not  that  of  fissure-veins,  and 
that  the  term  "  ore-break  "  is  aptly  used  under  such  conditions, 
and  others  where  the  expression  "fissure-vein,"  with  its  widely- 
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understood  and  generally-accepted  meaning,  would  confuse  the 
reader. 

Apropos  of  Mr.  Brown's  discussion  of  Mr.  Rickard's  paper, 
in  which  he  refers  to  the  robbing  of  veins  in  the  Bodie  district 
by  small  but  high-grade  feeders,  I  would  introduce  Fig.  2.  It 
was  sketched  in  August,  1896,  in  the  Little  Giant  mine,  War- 
ren, Idaho.  The  vein  is  a  clean-cut  fissure  in  the  granite,  and 
averages  probably  10  inches.  The  vein-filling  is  white  quartz, 
usually  carrying  a  pay-streak  on  each  wall,  without  any  gouge. 
The  ore  is  very  high-grade,  carrying  considerable  coarse  free 
gold,  besides  sulphides.  The  bedding-planes  of  the  granite  are 
distinct  and  regular.  It  is  occasionally  found  that  the  foot-wall 
streak  becomes  barren  and  the  hanging-wall  streak  low-grade 
between  certain  points,  as,  for  example,  A  and  B.  This  is  ac- 
counted for  by  the  departure  at  A,  along  the  bedding-plane  in 
the  foot-wall,  of  a  very  small  but  very  rich  streak  C,  which  re- 
turns to  the  main  vein  again  at  B  through  a  nearly  vertical 
jointing-plane  in  the  granite,  D.  The  streak  D  is  much  larger 
than  C,  and  both  are  generally  mined.  In  this  case  the  en- 
riching solutions  found  conditions  more  favorable  for  deposition 
of  their  gold  and  silver  contents  in  the  tight  planes  of  the  gran- 
ite than  in  the  fissure  itself. 


'•American"   Magnesite. 

Discussion  of  the  Paper  of  Mr.  J.  D.  Pennock  (see  p.  C63). 
(Colorado  Meeting,  September,  1896  ) 

Frank  Williams,  Johnstown,  Pa.  (Communication  to  the 
Secretary) :  As  the  manager  of  the  company  which  manu- 
factured the  "  American  "  magnesite  and  the  silica-brick  men- 
tioned by  Mr.  Pennock,  I  beg  to  say  that  he  was  quite  right  in 
placing  a  mark  of  interrogation  after  "  American  "  (page  268). 
While  the  users  of  magnesite  in  this  country  are  at  a  disadvan- 
tage as  to  cost  by  reason  of  not  having  any  large  bodies  of 
sufiiciently  pure  material  at  hand,  the  manufacturing  concern 
referred  to  has  secured  an  advantage  as  to  quality  by  a  mixture 
of  the  different  foreign  magnesites,  which  vary  considerably  in 
their  composition  and  physical  structure. 

The  American  (?)  magnesite  tested  was  a  sample  of  the  next 
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to  the  last  in  a  scries  of  briek-niixtiires,  and  consisted  of  three 
parts  Austrian  niagnesite  and  one  part  Grecian  magncsite. 

It  was  unfortunate  that  Mr.  Pcnnock  was  unable  to  obtain 
the  variation  in  size  at  a  very  hii>:h  temperature. 

The  silica-brick  sample  was  from  a  mixture  made  in  order  to 
observe  the  eti'ect  of  reducing  the  lime  and  increasing  the  alu- 
mina as  bonding  materials.  It  would  have  been  interesting  to 
note  the  cliange  in  size. 


Action  of  Blast-Furnace  Gases  upon  Various  Iron-Ores. 

Discussion  of  the  Paper  of  Mr.  O.  O.  Laudig  (see  p.  209). 
(Colorado  Meeting,  September,  1896.) 

F.  E.  Baciiman,  Buffalo,  N.  Y.  (Communication  to  the  Sec- 
retary) :  The  investigation  so  fully  described  by  Mr.  Laudig 
was  undertaken  with  the  idea  of  determining  if  it  is  possible 
to  learn  by  experiment,  without  an  actual  trial  in  the  furnace, 
what  economical  results  can  be  expected  from  the  use  of  a 
given  ore-mixture.  The  research  was  necessarily  preliminary, 
and  the  results  obtained  are  only  to  be  depended  upon  so  far 
as  they  relate  to  the  samples  treated. 

With  the  exception  of  the  ores  obtained  from  the  stock-piles 
of  the  Buffalo  Furnace  Company,  and  several  samples  taken  at 
a  neighboring  furnace,  there  is  no  certainty  that  the  ores  repre- 
sented the  average  shipments  of  any  mine.  For  this  reason 
the  publication  of  the  names  of  the  ores  might  do  producers  a 
great  injustice.  The  names  of  the  ores  are  therefore  withheld, 
and  their  identity  is  further  veiled  by  leaving  out  of  the  analy- 
ses the  phosphorus-contents. 

The  investigation  was  begun  with  the  preconceived  idea  that 
the  rate  of  reduction  would  be  found  to  be  dependent  upon  the 
accessibility  of  the  particles  of  the  ore  to  the  action  of  the  re- 
ducing-gas.  In  other  words,  a  spongy,  brown  hematite  or  a 
very  fine  Mesabi  would  be  the  easiest  reduced.  I  had  formed 
a  scale  with  No.  21  first,  No.  30  second,  No.  1  third,  Nos.  5, 
24,  25  and  the  remaining  Mesabis  fourth,  etc  ,  which  is  suffi- 
cient to  show  how  much  actual  results  differ  from  a  judgment 
based  on  physical  characteristics.  The  ore  expected  to  be  most 
easily  reduced  proved  to  be  25th  in  the  list,  while  the  one  placed 
VOL.  XXVI.— 68 
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second  was  by  far  the  most  easily  reduced  of  the  lot.  These 
two  ores  are  from  the  same  formation,  both  gossans,  and  to  all 
appearances  identical,  except  in  richness. 

Classifying  the  ores,  we  have  the  following  tables  : 


No. 

8, 
14, 
17, 
19, 
22, 
18, 
12, 

9, 
Average, 


Soft  Hematites. 

Per  cent. 
of  original 
oxygen  lost. 
26.76 
25.13 
16.99 
16.06 
15.95 
15.67 
13.07 
11.89 
17.94 


Per  cent.      Carbon  deposited 


of  carbon 
deposited. 
23.60 
35.13 
12.32 
10.86 
12.60 

4.48 

4.64 

6.96 
13.82 


per  unit  of 
iron. 
.8918 
.5402 
.1985 
.1671 
.2761 
.0751 
.0728 
.1151 
.2296 


26  6,     . 

28, 
Average, 


23, 
S3, 


Hard  Hematites. 

.  24.36 
.  13.22 
.     18.79 

Semi-Hard  Hematite. 
.    6.26 


Hard  Specular. 

.     24.84 


Magnetites. 

27, 0.00 

29, 0.00 

Average, 0.00 


1, 

3, 

15, 

2, 
Averas 


Mesabis. 
.  29.37 
.  26.69 
.  25.93 
.  17.83 
.    24.95 


12.88 
2.16 
7.52 


3.24 


16.88 


0.00 
0.10 
0.05 


17.78 
22.08 
36.40 
10.20 
21.61 


.1898 
.0324 
.1111 


.0489 


.2485 


.COOO 
.0017 
.0008 


.2763 
.3568 
.5618 
.1655 
.3401 


Blue  Hematites. 

11, 18.35  4.66  .0708 

4, 17.40  4.72  .0755 

10, 15.80  1.98  .0355 

13, 15.00  2.50  .0379 

6, 13.58  3.10  .0504 

5, 11.33  1.56  .0239 

Average, 15.24  3.08  .0501 
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Broicn  Hematites. 

Per  cent.  Per  cent.  Carbon  deposited 

of  original  of  carbon  per  unit  of 

No.                                                         oxvgen  lost.  deposited.  iron. 

30, 50.04                14.30  .2420 

24, 25.78                24.92  .4391 

2b, 23.98                 11.56  .2582 

2l| 1198                    .98  .0208 

Average, 27.95                12.94  .2400 

Cinders  and  Scales. 

7, 09  .09  .0014 

2o| 4.07  .62  .0081 

3l| 00  ,08  .0017 

32^ 4.56  .74  .0129 

Average, 2.fi8  .38  .0063 

No.  16  is  not  classified,  being  from  the  Mesabi  district,  but 
having  none  of  the  characteristics  of  the  ores  known  as  Mesal)is. 

In  examining  these  tables  there  is  found  to  be  nothing  uni- 
form in  the  reduction  of  the  ores,  every  class  showing  great 
variation.  Moreover,  reduction  and  carbon-deposition  bear  but 
little  relation  to  each  other,  except  that  where  there  is  a  large 
carbon-deposition  there  is  a  large  amount  of  oxygen  lost. 

The  only  uniformity  seems  to  be  in  carbon-deposition  in  the 
Mesabis  and  soft  blue  hematites — the  former  depositing  far  the 
larger  amount,  while  the  latter,  as  a  class,  deposit  the  smallest 
amount.  If,  on  more  thorough  investigation,  this  is  found  to  be 
a  universal  rule,  it  may  prove  to  be  of  great  value  in  making 
an  ore-mixture.  Experience  has  already  proved  certain  of  the 
blue  ores  to  be  exceptionally  well-suited  for  mixture  with  Me- 
sabi  ores,  preventing  to  a  great  extent  the  troubles  arising  from 
use  of  the  latter. 

That  the  results  obtained  bear  some  relation  to  furnace-work 
is  shown  by  actual  experience.  For  example :  A  furnace  mana- 
ger using  ii  of  No.  27  and  -^  of  No.  28  with  Connellsville 
coke  reports  2  tons  of  coke  per  ton  of  mill-iron.  Another, 
using  a  mixture  of  Nos.  10,  15,  22  and  a  soft  hematite  not  in 
this  list,  makes  Bessemer  iron  regularly  with  1700  pounds  of 
Connellsville  coke.  The  writer  replaced  ^  of  No.  19  with  ^  of 
No.  9,  with  an  increase  in  fuel-consumption  of  150  pounds  per 
ton  of  iron.  I  have  used  a  mixture  of  |  No.  30,  |  No.  25,  f 
No.  24  and  |  of  an  unlisted  ore,  and  made  open-mill  iron  with 
1856  pounds  of  Pocahontas  coke — the  mixture  yielding  48  per 
cent,  throudi  the  furnace.     With  the  same  furnace  and  the 
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same  kind  of  iron,  using  f  Xo.  24,  f  ISTo.  25  and  ^  Xo.  30,  2150 
pounds  of  Pocahontas  coke  per  ton  were  required.  While 
using  -I  No.  25,  |  ISTo.  24  and  f  No.  21,  the  fuel-consumption 
on  foundry-iron  averaged  2650  pounds  Pocahontas  coke,  the 
mixture  yielding  42  per  cent. 

In  the  first  case  cited,  we  have  a  mixture  rather  "  too  dry  " 
for  free  furnace-working — even  on  low-silicon  mill-iron  with  the 
heavy  coke-consumption — ^^iiich  shows  1.02  per  cent,  of  origi- 
nal oxygen  lost  and  .18  per  cent,  of  carbon  deposited.  In  the 
second  case  we  have  a  mixture  showing  very  easy  reduction 
and  relatively  high  carl)on-deposition,  and  from  its  exceedingly 
good  work  it  is  more  than  probable  that  the  unlisted  ore  in  this 
mixture  is  one  very  easily  reduced.  In  the  third  case  (replace- 
ment of  ^  Xo.  19  with  ^  Xo.  9)  the  iron  in  the  mixture  was 
reduced  0.40  per  cent.,  the  original  oxygen  lost  1.40  per  cent, 
and  carbon  deposited  1.30  per  cent.,  other  things  remaining  the 
same.  The  fourth,  fifth  and  sixth  cases  are  not  exactly  com- 
parable; but  assuming  that  the  ^  of  the  mixture  in  the  fourth 
case  was  as  easily  reduced  as  the  most  refractory  of  the  other 
three  ores^  we  have  a  mixture  losing  31.26  per  cent,  of  original 
oxygen  and  depositing  17.25  per  cent,  of  carbon ;  and  in  the 
fifth  case,  one  losing  28  per  cent,  of  original  oxygen  and  de- 
positing 17.16  per  cent,  of  carbon.  In  the  sixth  case,  we  have 
21.30  per  cent,  of  original  oxygen  lost  and  12.25  per  cent,  of 
carbon  deposited.  The  ditference  between  1856  pounds  coke 
and  2150  pounds  coke  is  too  great  to  be  accounted  for  by  the 
difi:erenee  between  a  48  and  a  45  per  cent,  mixture,  as  also  is 
the  difierence  between  1856  and  2650  pounds  coke  too  great  to 
be  accounted  for  by  the  difference  between  a  48  and  a  42  per 
cent,  mixture  and  the  difference  in  heat-requirements  between 
a  1  per  cent.-eilicon  mill  and  a  2.25  per  cent.-silicon  foundry- 
iron.  This  diff"erence  must  therefore  be  attributed  to  the  greater 
ease  with  which  the  ores  give  off  their  oxygon,  and  to  the 
amounts  of  carbon  deposited. 

In  all  of  these  cases,  except  the  first,  the  carbon-deposition 
is  ample  to  disintegrate  the  hardest  ore,  Xos.  26  o  and  26  b 
being  reduced  to  powder  in  the  experiments  without  a  greater 
deposit.  If,  then,  the  ores  which  give  off"  their  oxygen  quickest 
and  absorb  larger  amounts  of  carbon,  require  the  least  amount 
of  fuel  per  ton  of  iron,  why  is  such  the  case  ?  Sir  Lowthian 
Bell  has  proved  that  no  compound  of  iron  and  oxygen  is  com- 
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pleteh'  reduced  by  the  action  of  either  mixtures  of  CO  and 
CO2  or  CO  alone,  at  the  heats  of  the  blast-furnace.  Also,  that 
carbon-deposition  ceases  at  a  bright  red  heat.  In  the  modern, 
rapidly-driven  furnace,  it  is  easily  conceivable  that  a  lump  of 
ore  Avhich  does  not  absorb  carbon  or  lose  oxygen  rapidly  will 
reach  a  temperature  in  the  furnace  where  fusion  will  begin 
before  reduction  is  completed.  If  such  be  the  case,  the  furnace 
will  go  onto  black  cinder,  carrying  iron,  with  the  well-known 
results.  Moreover,  it  is  reasonable  to  suppose  that  an  ore 
w^hich  will  give  little  of  its  oxygen  to  CO  at  heats  lower  than  a 
red  heat,  will  retain  a  greater  amount  of  oxygen,  which  will 
only  be  given  up  by  the  direct  union  of  carbon  with  the  oxygen 
of  the  ore.  As  the  reaction  CO  -f  O  =:  CO^  develops  5600  heat- 
units,  and  C  -f  0  ^  CO  develops  2400  heat  units,  the  loss  of 
heat  for  every  unit  of  oxygen  lost  by  the  direct  union  of  carbon 
and  oxygen  is  apparent. 

To  me,  however,  the  subject  worthy  of  most  attention  is  that 
of  carbon-deposition — its  cause  and  effect.  As  to  the  cause,  I 
have  no  theory  to  advance;  as  to  its  elFects,  several.'  Let  us 
consider  first  the  economy  in  fuel-consumption.  Assuming  a 
furnace  in  which  the  escaping  gases  contain  ICO^  to  2.25CO, 
which  is  an  average  composition,  we  have : 

Heat  units. 

IC  burned  to  CO,  develops 8,000 

2.2oC  burned  to  CO  develops 5,400 

3.25  units  C  develops 13,400 

1  unit  C  develops       ........  4,123 

l^ow  let  US  trace  2  units  of  carbon,  which  are  first  l)urued  at 
the  tuyeres  to  CO,  then  decomposed  to  CO^  +  C,  and  the  car- 
bon unit  deposited  again  burned,  and  finally  passing  off  in  gas 
of  the  composition  of  ICO^  to  2.25CO  : 

Hoat  units. 

2C  burned  to  2C0  develops 4,800 

200  =  1002  +  0 

Heat  units, 
ICO  burned  to  00^  develops       .        .         .        5,600 
ICO  reduced  to  0  absorbs  .         .        .         .         2,400  3,200 

10  burned  to  (lOOj  to  2. 25CO)  yields         ....        4,123 

20  develops 12,123 

10         "  6,061 
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Thus  developing  per  unit  of  carbon  50  per  cent,  more  heat 
than  in  the  former  case. 

Mechanically,  the  first  action  of  deposited  carbon  is  to  disin- 
tegrate the  ore.  This  is  of  the  greatest  importance  in  opening 
up  the  pores  for  the  action  of  CO.  For  this  reason  any  ore  de- 
positing carbon  freely  will  be  easily  reduced. 

While  it  is  not  necessary  for  an  ore  to  deposit  carbon,  to  be 
easily  reduced,  in  cases  where  ores  are  easily  reduced  without 
carbon-deposition,  an  examination,  if  sufhciently  powerful 
microscopes  were  obtainable,  would  very  likely  show  the  mole- 
cules to  be  more  widely  separated  than  where  they  gave  up 
oxygen  less  freely  to  CO.  The  carbon  deposit  being  of  the 
nature  of  lamp-black,  is  of  necessity  more  easily  acted  upon  by 
CO2  at  high  heats.  It  is  therefore  probable  that  all  the  CO, 
from  the  limestone  attacks  this  carbon-deposit  and  is  converted 
to  CO,  any  remaining  carbon  being  carried  down  to  that  zone 
of  the  furnace  where  the  last  traces  of  oxygen  are  given  up  by 
the  ore,  there  directly  combining  with  that  oxygen.  It  is  rather 
diificult  to  imagine  this  reaction  taking  place  where  there  is  no 
carbon-deposit,  but  it  apparently  takes  place,  if  there  are  any 
ores  which  deposit  no  carbon  under  the  conditions  existing  in 
the  furnace. 

Carbon-deposition  seems  to  have  little  to  do  with  the  carbon- 
contents  of  the  pig-iron.  The  average  composition  of  foundry- 
iron  made  from  y4_  Xo.  9,  ^  ^o.  17,  yV  Xo.  10,  ^  Xo.  26  b 
and  -j-V  ^o.  22  is  C  3.47,  Si  2.49,  Mn  0.58  and  S  0.027  per  cent. 
This  mixture  deposited  0.1485  carbon  per  unit  of  iron.  Foundry- 
iron  made  from  j\  Xo.  9,  y\  No.  17,  ^  Xo.  10,  ^-^  Xo.  26  b 
and  -j-V  ^f)-  22  analyzed  as  follows:  C  3.97,  Si  3.17,  Mn  0.79, 
S  0.047  per  cent.  This  mixture  deposited  0.1493  carbon  per 
unit  of  iron.  A  mixture  of  y\  mixed  ore,  ^  Xo.  17,  y^2-  ^^• 
10,  ^  Xo.  26  b  and  j^^  Xo.  22,  contained  C  3.65,  Si  1.58,  Mn 
0.85  and  S  0.018  per  cent.  The  ores  deposited  0.1144  carbon 
per  unit  of  iron.  In  this  mixture  the  -^-^  of  mixed  ore  was 
made  up  of  the  ores  in  the  first  mixture  in  about  the  propor- 
tions given.  We  have  a  difference  of  but  0.08  per  cent,  of 
carbon  deposited  by  the  ores  in  the  first  two  cases,  with  a 
difterence  of  0.50  per  cent,  carbon  in  the  metal,  while  between 
the  first  and  third  there  is  a  difference  of  3.41  per  cent,  of  car- 
bon deposited,  with  a  variation  of  0.18  per  cent,  in  the  carbon- 


ACTION  OF  BLAST-FURNACE  GASES  UPON  VARIOUS  IRON-ORES.        1067 

contents  of  the  \ng ;  the  ores  deposithii)i;  the  smaller  amount  of 
carbon  giving  the  larger  amount  in  the  iron — a  result  partially 
explained  by  the  higher  manganese  in  the  second  and  third 
cases. 

As  shown  before,  the  average  amount  of  carbon  deposited  by 
the  soft  red  hematites  from  the  old  ranges  is  13.82  per  cent,  of 
the  original  weight  of  the  ore,  the  extremes  being  35.13  and 
4.48  per  cent. ;  hard  hematites  average  7.52  (extremes,  12.88 
and  2.16);  blue  ores  average  3.08  (extremes,  4.72  and  1.56); 
brown  ores  average  12.94  (extremes,  24.92  and  0.98)  per  cent. ; 
magnetites  give  practically  no  deposit ;  Mesabis  average  21.61 
(extremes,  36.40  and  10.20);  cinders  and  scales  average  0.38 
(extremes,  0.74  and  0.08)  per  cent.  This  shows  that  the 
Mesabis  deposit  almost  twice  as  much  carbon  as  any  other  class 
of  ores  treated.  If  the  samples  treated  represent  the  average 
of  this  class  of  ores,  this  fact  must  have  a  bearing  upon  their 
use ;  and  I  think  it  explains  the  cause  of  some  of  the  trouble 
their  use  has  occasioned.  The  ores  of  this  class  were  of  double 
their  original  bulk  after  burning  off  the  carbon,  the  carbon  and 
ore  together  making  4  or  5  times  the  bulk  of  the  original  sam- 
ple. As  we  found  the  gas-pressure  to  increase  from  2.35  ounces 
to  10  ounces  in  descending  the  furnace  10  feet,  we  can  readily 
see  the  etfect  of  using  an  ore  as  tine  as  No.  1,  2,  3  or  15.  We 
have  approximately,  in  this  case,  two  volumes  of  coke  and  stone 
to  one  volume  of  ore.  If  the  ore-charge  is  lumpy  or  even  of 
the  finer  soft  red  ores,  the  charge  will  be,  to  a  certain  extent, 
stratified;  but  if  it  is  very  fine  and  sandy,  the  ore  will  fill  all 
the  openings  between  the  lumps  of  coke  and  stone.  The  ore 
then  deposits  carbon,  and  is  expanded  to  4  or  5  times  its  origi- 
nal volume,  giving  in  the  charge  1  volume  of  coke  and  stone 
to  2J  volumes  of  ore  and  carbon ;  or,  in  other  words,  the  vol- 
ume of  the  charge  is  increased  from  1|  times  the  volume  of 
the  coke  and  stone  to  3|  times  their  volume  in  a  descent  of  10 
feet,  while  the  area  of  the  furnace  is  not  increased  in  propor- 
tion. The  efi^ect  of  the  packing  is  that  the  gas  channels  pas- 
sages through  the  stock,  the  breaking  through  of  these  chan- 
nels or  chimneys  being  indicated  by  putts  of  black  smoke  with 
an  excess  of  gas  for  a  few  seconds,  a  shower  of  flue-dirt  and  a 
relief  of  the  pressure  in  the  upper  parts  of  the  furnace. 

That  these  puffs  are  not  necessarily  slips,  is  easily  shown  by 
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gauging  the  furnace.    At  times,  all  tlie  gas  passes  through  these 

chimneys,  the  charges  descending 
until  they  reach  a  temperature  where 
reduction  takes  place  by  the  direct 
union  of  solid  carbon  with  the  oxy- 
gen of  the  ore,  causing  a  sudden  and 
unaccountable  cooling  of  the  fur- 
nace. Again,  the  stock  packs  so 
tightly  that  the  gas  cannot  form  a 
channel,  in  which  case  it  takes  but 
a  few  seconds  to  raise  the  pressure 
in  the  whole  furnace  to  such  an  ex- 
tent that  when  it  becomes  sutRcient 
to  force  a  passage,  the  down-comer 
is  not  large  enough  to  accommodate 
the  excessive  amount  of  gas,  and  the 
bell  and  hopper  are  laid  on  the  plat- 
form or  thrown  over  the  side  of  the 
furnace  in  the  too  familiar  top-explo- 
sion, so  common  when  Mesabi  ores 
were  first  introduced. 

If  this  theory  is  correct  (and  there 
are  a  great  many  facts  to  confirm  it, 
such  as  the  lack  of  top-explosions  in 
furnaces  using  larger  amounts  of 
cinder  with  Mesabi  ores,  and  the 
fact  that  ores  Nos.  10  and  11,  which 
are  rather  lumpy,  deposit  small 
amounts  of  carbon  and  reduce  read- 
ily, have  been  found  to  work  admi- 
rably with  Mesabi  ores),  what  is  a 
desirable  ore-mixture  ? 

First,  one  which  has  a  suflicient 
amount  of  slag-making  material  to 
give  a  regular  working  furnace,  and 
take  up  the  sulphur  in  the  charge 
without  giving  over  2  per  cent,  of 

Furnace-Lines  Suggested  for  Use    g,^]    j.^^j.  i,,  the^ cinder. 

with  Mesabi  Ores.  ^  .  ^  •   ^        ^^      % 

Secondly,  one   in  which    all   the 
ores  lose  their  oxygen  rapidly  and  uniformly  at  the  lowest  pos- 


^  BANKNorE  co.^ 
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sible  temperature ;  for  if  one  loses  its  oxygen  slowly,  either  an 
excess  of  fuel  will  be  required  or  the  furnace  must  be  driven 
slower  to  accommodate  that  ore.  In  other  words,  a  mixture  in 
which  each  ore  loses  25  per  cent,  of  its  oxygen  in  a  given  time 
can  be  driven  faster  than  if  one  ore  loses  49  per  cent,  of  its 
oxygen  in  the  same  time,  and  the  other  loses  1  per  cent. 

Thirdly,  one  in  which  there  is  a  sufficient  carbon-deposit  by 
each  ore  to  (1)  thoroughly  disintegrate  it,  (2)  convert  all  the 
CO2  of  the  flux  to  CO,  and  (3)  remove  all  the  oxygen  from  the 
ore  that  is  not  removed  by  combination  with  CO,  and  as  much 
more  as  possible  without  causing  top-explosions  and  irregular 
working. 

Where  it  becomes  necessary  to  use  ores  depositing  too  much 
carbon,  the  troubles  from  their  use  can  probably  be  prevented 
by  mixing  these  with  ores  depositing  small  amounts  of  carbon, 
especially  if  they  are  lumpy.  What  amount  of  carbon-deposit 
may  be  allowed  with  safety  will  depend  to  some  extent  on  the 
fineness  of  the  ore  originally,  as  lumpy  ores  will  not  fill  the 
cre\nces  between  the  coke  and  stone  as  readily  as  fine  ores,  and 
therefore  jS^os.  1  and  3  will  be  more  likely  to  give  trouble  than 
Nos.  8  and  14.  If,  after  further  experience  and  research,  these 
theories  for  the  causes  of  the  diificulties  in  working  Mesabi 
ores  prove  to  be  correct,  a  change  from  the  ordinary  furnace- 
lines  mux  possibly  prevent  the  trouble  arising  from  their  use, 
and  a  furnace  constructed  to  prevent  packing  of  the  stock 
below  the  stock-line  is  the  natural  solution.  For  a  20-  by  80- 
foot  furnace  I  would  suggest,  as  worthy  of  a  trial,  the  lines 
shown  in  Fig.  1. 

Finally,  the  investigation  made  by  Mr.  Laudig  was,  as  stated 
by  him,  largely  preliminary.  To  arrive  at  more  definite  re- 
sults the  investigation  must  be  made  on  ores  that  are  accurate 
average  samples,  and  more  nearly  with  actual  furnace  condi- 
tions. The  pressures  of  the  gas  should  have  been  higher,  more 
nearly  approaching  the  10  ounces  found  in  the  furnace,  and 
the  temperature  should  have  been  gradually  raised  from  that 
of  the  tunnel  head  gas  to  a  red  heat,  the  time  of  the  action 
being  made  the  same  as  that  of  the  ore  in  passing  through  these 
temperatures  in  the  furnace.  The  amount  of  gas  should  be  the 
same  as  passes  over  the  same  weight  of  ore  in  the  same  time  in 
the  furnace.  If  these  conditions  are  secured,  the  results  can- 
not fail  to  be  of  the  greatest  value. 
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Ralph  H.  Sweetser,  Everett,  Pa.  (Communication  to  the 
Secretary) :  In  his  discussion  of  Mr.  Laudig's  interesting  paper, 
Mr.  Bachman  speaks  of  the  effect  of  the  packing  of  the  stock 
near  the  top  of  the  furnace  due  to  the  carbon  deposition.  Tie 
says  (p.  1067): 

"The  effect  of  the  packing  is  that  the  gas  channels  passages  through  the 
stock,  the  breaking  tlirough  of  these  channels  or  chimneys  being  indicated  by- 
puffs  of  black  smoke,  with  an  excess  of  gas  for  a  few  seconds,  a  shower  of  flue-dirt, 
and  a  relief  of  the  pressure  in  the  upper  parts  of  the  furnace." 

These  pufts,  sometimes  lasting  two  or  three  minutes,  have 
been  frequently  noticed  in  furnace  "  A  "  of  the  Maryland  Steel 
Company,  and  especially  while  oyster-shells  were  used  as  a  flux. 
During  the  more  violent  puffs  oyster-shells  and  pieces  of  coke 
would  be  thrown  against  the  bell  and  into  the  down-comer,  and 
small  pieces  would  come  out  of  the  bleeder  ;  dense  black  smoke 
would  appear  at  the  top  of  the  chimney ;  and  the  pressure  of 
the  gas  in  the  mains  would  sometimes  lift  the  explosion-doors. 
There  would  be  neither  explosion  nor  any  slip.  Several  times 
after  such  pufts  the  furnace  was  gauged ;  but  seldom  had  it 
settled,  and  then  not  more  than  half  a  charge. 

During  one  of  these  pufts  a  sample  of  the  waste  gas  was 
taken  from  the  down-comer  (see  Analysis  I.,  below).  "While 
the  sample  was  being  taken,  the  top-temperature  suddenly  rose 
from  680°  to  890°  F.,  and  this  time  the  furnace  slipped  from 
"  full  "  to  "  half  a  charge  down."  The  mixture  was  wholly  of 
foreign  ores,  ^  Mokta,  ^  Elba  lavato,  ^  Tafna.  Mokta  is  hard 
and  lumpy ;  Elba  lavato  is  a  washed  granular  ore;  Tafna  is  a 
soft,  fine  hematite.     The  flux  was  wholly  oyster-shells. 

The  ratio  of  CO  to  CO2  in  the  gas-sample  was  2.08,  the 
lowest  ratio  that  had  been  recorded  for  that  furnace  up  to  that 
time  (May  2, 1896).  On  the  supposition  that  this  decreased  ratio 
and  sudden  outburst  of  gas  were  due  chiefly  to  the  rapid  de- 
composition of  the  oyster-shells  at  this  temperature  (680°-890° 
F.),  a  gas-sample  was  taken  when  the  furnace-top  had  quieted 
down  and  the  gas-pressure  was  normal. 

Analysis  II.  was  made  on  this  sample.* 

*  Since  the  above  analyses  were  made  the  ratio  of  CO  to  CO,  has  been    much 
CO 
lower,  and  has  gone  as  low  as  ^^  -  =  1.32. 
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Analysis  of  Farnacc-Gas  From  Down-Comer. 

(Results  Given  in  Per  Cent,  by  Volume). 


Blast- 

CO 

Pressure 

CO. 

CO 

H 

CH4 

N,  etc. 

COo 

lbs. 

12.4 

25.8 

2.3 

1.0 

58.5 

2.08 

14 

10.2 

29.0 

1.2 

1.2 

58.4 

2.84 

115 

I.,    .     . 
II.,    .    . 

The  temperature  of  the  top  of  the  furnace  was  about  890°  F. 
when  the  first  sample  was  taken.  Should  the  larger  amount  of 
CO2  in  the  waste-gas  at  that  moment,  and  the  violent  outburst 
be  ascribed  to  the  sudden  liberation  of  CO^  from  the  oyster- 
shells,  or  to  the  causes  described  by  Messrs.  Laudig  and  Bach- 
man  ? 


Electricity  in  Mining.* 

Discussion  of  the  Papers  of  Mr.  Robert  G.  Brown  (see  p.  319)  and  Mr.  Irving 

Hale  (seep.  402'. 
(Colorado  Meeting,  September,  1896.) 

Mr.  Brown  :  That  part  of  the  Standard  Company's  plant 
which  has  been  added  since  the  publication  of  Mr.  Leggett's 
paper,  and  is  described  in  mine,  renders  the  single-phase,  al- 
ternating system,  which  Mr.  Hale  has  called  "  unelastic,"  much 
more  elastic  than  it  had  been.  The  original  plant  at  Bodie 
was  substantially  the  same  as  the  Telluride  plant  mentioned  in 
his  paper.  The  machines  came  from  the  same  shops,  and  were 
practically  the  same;  but  while  the  Telluride  Company  has 
changed  completely  to  a  polyphase  system,  the  Standard  Com- 
pany has  retained  its  original  plant,  but  has  belted  on  a  direct- 
current  generator  at  the  receiving  end,  thereby  converting 
the  water-power  into  electricity,  electricity  into  power,  the 
power  into  electricity,  and  finally  again  electricity  into  power 
for  use  in  the  mines.  This  is  a  roundabout  course,  to  be  sure, 
but  it  shows  that  there  are  possibilities  even  in  the  out-of-date 
single-phase  system.  The  only  point  perhaps,  that  deserves 
particular  notice  with  respect  to  the  hoist  is  the  fact  that 
the    rheostat,    or  starting-resistance,  was  not  built  originally 

*  Secretary's  Note. — The  stenographic  report  of  this  discussion  has  been 
corrected,  with  some  additions,  by  the  participants,  and  those  parts  of  the  re- 
marks of  Messrs.  Hale  and  Brown  which  consisted  merely  in  an  oral  resum^  of 
their  printed  papers  have  been  omitted. 
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of  sufficient  carrying-capacity.  Engineers  will  do  well  to  bear 
in  mind  that  this  will  be  the  danger.  In  two  rheostats  on 
hoists  of  that  kind  the  fault  has  been  the  same — namely,  that 
in  constant  running,  with  frequent  starts  and  stops,  the  rheo- 
stat carrj'ing  a  great  part  of  the  current  at  times,  the  heating 
is  tremendous.  In  Bodie  we  have  had  many  times  to  stop 
hoisting  in  order  to  allow  the  rheostat  to  cool  oft',  for  fear  of 
warping  or  cracking  the  castings. 

In  addition  to  the  detailed  account  given  in  my  paper,  which 
goes  into  many  points  of  construction  and  cost,  I  should  like  to 
make  one  or  two  remarks.  It  is  good  for  all  of  us  to  see  where 
the  faults  lie  in  any  established  plant,  thereby  giving  us  the 
opportunity  to  avoid  them  in  the  future,  and  I  am  frank  in  ad- 
mitting that  in  this  plant  of  the  Standard  Company  there  is  one 
ftiult  in  the  water  part  of  the  work,  and  that  is  in  the  failure  to 
establish  a  suitable  air-cushion  at  the  end  of  the  pipe-line.  A 
person  walking  along  the  pipe-line  and  putting  his  hand  upon 
it,  can  feel  at  times  a  quick  throb.  That  is  due  to  the  sudden 
partial  stoppage  of  the  flow  of  water  in  the  pipe-line,  caused  by 
throwing  oft"  the  motor  in  the  mine  12  miles  away,  which  im- 
mediately causes  the  governor  to  act,  closes  the  gate  partially 
and  makes  the  water  slow  up  in  the  pipe.  This  is  a  severe 
strain  upon  the  pipe,  and,  although  we  have  had  as  yet  no 
trouble  in  the  matter,  it  is  not  pleasant  to  feel  that  there  is  a 
constant  pounding  of  that  kind  going  on  as  many  times  a  day 
as  the  hoist  is  thrown  oft'  or  on. 

Another  point  of  particular  interest  to  us  has  been  the  trouble 
with  lightning.  In  the  early  starting  of  the  plant  a  delay  of 
some  months  was  caused  by  continual  trouble  from  this  source. 
After  that  a  set  of  Wurtz  lightning  arresters  Avas  installed, 
which  are  described  in  my  paper. 

I  would  add  that  it  is  exceedingly  doubtful  whether  there 
are  any  static  accumulations  on  the  line.  Many  tests  were 
made  by  Mr.  Davis  of  the  Westinghouse  Company  with  the 
pith-ball  electrometer,  and  he  could  And  no  evidence  at  all  of 
dammed-up  or  static  electricity  on  the  line. 

From  the  description  given  in  my  paper  it  is  very  clear  that, 
as  far  as  we  are  concerned,  the  safeguard  against  lightning  is 
not  satisfactory. 

Mr.  Hale's  interesting  paper  leads  me  to  wish  earnestly  that 
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somel)0(lv  would  do  for  the  Sierra  region  in  California  what  he 
has  done  for  the  Koeky  Mountain  region.  There  is  a  great  deal 
of  very  interesting  practice  goin^  on  there  at  present.  A  great 
many  very  interesting  installations  have  been  made ;  but  the 
descriptions  given  of  them  have  been  mostly  imperfect  and  un- 
satisfactory. 

So  far  as  I  can  iind,  we  have  not  accurate  data  at  hand  for 
comparing  the  advantages  of  electricity  and  compressed  air.  I 
fully  appreciate  the  advantages  of  electricity.  If  it  were  not 
for  the  Standard  power-plant,  the  Standard  Co.  would  be 
scarcely  running  to-day;  but,  in  view  of  the  extremely  interest- 
ing installation  of  compressed  air  at  the  North  Star  mine,  at 
Grass  Valley,  California,  where  they  compress  air  directly 
by  the  use  of  their  water-power  on  an  18-foot  Pelton  wheel, 
and  transmit  the  power  a  short  distance,  and  then  use  the 
air  reheated  to  a  temperature  of  350  to  400  degrees,  there- 
by securing  a  great  amount  of  efHciency  at  a  low  expenditure 
of  heat,  I  say  that,  in  view  of  this,  it  does  not  seem  to  me 
that  we  have  as  yet  definite  data  for  determining  the  ques- 
tion of  relative  econom}'  between  the  two  methods  of  trans- 
mission. Of  course  the  simple  transmission-cost  per  horse-power 
would  be  a  controlling  consideration  in  cases  of  transmission 
for  many  miles ;  but  when  it.  is  a  question  of  concentrating  the 
power-plant  at  one  place,  or  carrying  power  from  water  at  the 
foot  of  a  hill  up  to  the  top  of  it,  a  mile  or  so,  it  is  by  no  means 
a  foregone  conclusion  that  electricity  does  the  cheaper  or 
more  satisfactory  work.  There  has  been  more  than  one  at- 
tempt to  solve  this  question  definitely ;  but  those  that  I  have 
seen  have  been  all  in  some  way  unfair  in  the  study  of  the  ques- 
tion, which  has  been  stated  apparently  with  the  idea  of  proving 
one  side  or  the  other,  instead  of  weighing  the  facts  and  deter- 
mining which  side  should  have  the  preference. 

In  conclusion,  I  should  like  to  ask  Mr.  Hale  what  is  the  sys- 
tem of  lightning-arresters  in  general  use  in  the  Rocky  Moun- 
tain region  and  what  success  it  gives,  and  I  should  like  to  ask 
in  that  connection  whether  the  use  of  overhead  barbed  wire, 
which  has  been  spoken  of  as  having  been  used  on  several  lines, 
has  been  shown  to  be  of  advantage,  and  also  whether  there  has 
been  any  attempt  to  store  excess  of  power  at  times  by  means 
of  storage-plants? 
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H.  S.  Chamberlain,  Chattanooga,  Tenn. :  I  would  like  to  ask 
Mr.  Brown  ^Yhethe^  the  trouble  with  lightning  is  greater  at 
high  altitudes?  We  do  not  hear  very  much  about  it  at  lower 
altitudes  in  the  East. 

Mr.  Brown  :  Recent  experiments  tend  to  show  that  the  ten- 
sion of  atmospheric  electri-city  increases  with  altitude.  It  is 
this  tension,  or  high  potential,  that  makes  atmospheric  elec- 
tricity dangerous  to  the  insulation  of  electrical  machinery. 

The  electric  energy  certainly  seems  to  be  more  intense  at 
high  altitudes  generally.  We  do  not  have  the  tierce,  bright 
flashes  of  lightning  that  we  often  see  in  damp  countries ;  but 
we  have  very  intense,  sharp  thunder-storms,  which,  perhaps, 
give  three  or  four  sharp  claps  with  very  brilliant  flashes,  and 
then  the  storm  passes. 

Mr.  Hale  :  Since  my  paper  was  first  put  in  type  I  have 
added  to  the  summary  table  appended  to  it  a  few  machines 
since  installed,  and  have  inserted  the  approximate  capacity  of 
the  Grreat  Falls  plant  (2800  k.w.),  accurate  data  for  which  were 
not  obtainable  and  were  not  included  in  the  totals,  thus  increas- 
ing the  total  generator  capacity  from  7988  to  10,964  k.w.  and 
showing  135  motors  aggregating  5201  horse-power,  distributed 
as  follows  :  On  hoists,  1169;  pumps,  681;  blowers,  112;  air- 
compressors,  403  ;  electric  percussion-drills,  20  ;  diamond-drills, 
17;  locomotives,  165 ;  placer-mining  machines,  208;  mills,  2155; 
machine-shops, 61 ;  coal-screens,  10 ;  unknown, 200  horse-power.* 

The  paper  of  Mr.  Brown  and  the  previous  paper  by  Mr. 
Leggett  are  certainly  of  great  interest  and  value,  in  that  they 
describe  a  particular  plant  and  go  into  detail  concerning  a  great 
many  practical  points,  which  it  is  impossible  to  do  in  a  single 
paper  attempting  to  cover  all  the  establishments  in  a  large  re- 
gion. This  plant  at  Bodie  is  very  interesting,  as  it  illustrates 
the  evolution  of  electric  power  and  the  advantages  and  disad- 
vantages of  the  difterent  systems  that  have  been  used  at  difter- 
ent  times.  It  illustrates  also  the  unpleasant  dilemma  in  which 
the  user  of  electric  power  is  sometimes  placed  in  choosing  a 
system,  because  the  electrical  companies  are  not  accommodating 
enough  to  get  up  an  absolutely  perfect  system  at  the  very  out- 
set.    When  they  put  in  this  plant — I  think  it  was  1892 — the 

*  Secretary's  Note.— The  Table  opposite  page  416  contains  the  additional 
data  here  mentioned. 
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direct-current  system  was  out  of  the  question,  because  they 
were  obliged  to  transmit  about  12  miles,  and  the  cost  of  copper 
at  1000  volts  (which  is  about  the  highest  practicable  voltage 
for  direct-current),  with  10  })er  cent,  loss  in  line,  would  have 
been  something  like  ^800  per  horse-power,  or  for  the  120  horse- 
power transmitted  about  $100,000  for  copper  alone,  or  nearly 
three  times  the  cost  of  the  whole  plant  as  actually  installed. 
That,  of  course,  made  the  direct-current  system  impracti- 
cable. 

Mr.  Leggett  mentions  that  they  also  had  presented  to  them 
the  direct-current  system  using  several  generators  in  series,  and 
also  several  motors  in  series,  thus  getting  a  high  voltage ;  but 
that  system  is  evidently  complicated  and  unsuital)le  where  power 
is  used  for  general  purposes.  At  that  time  the  multi-phase  sys- 
tem had  not  been  brought  out,  so  they  were  obliged  to  fall  back 
on  the  single-phase  alternating  system  which  gave  high  voltage 
and  permitted  long-distance  transmission,  although  it  had  the 
disadvantage,  as  explained  in  my  paper,  that  these  single-phase 
alternating  motors  are  not  self-starting  nor  capable  of  speed- 
regulation,  and  it  recpiires  about  5  minutes  to  get  the  motor 
started  and  up  to  speed,  so  that  the  current  can  be  thrown  on. 
This  system  is  evidently  unsuitable  for  hoisting  and  pumping, 
or  general  power-purposes,  but  it  does  very  well  for  the  case  in 
hand,  which  is  to  run  a  mill  steadily  24  hours  a  day,  and  every 
day  in  the  week.  The  increase  in  the  plant  described  in  Mr. 
Brown's  paper  illustrates,  however,  the  shortcomings  of  that 
system,  because,  as  soon  as  they  wanted  to  apply  the  power  to 
hoisting  and  pumping,  it  was  necessary  to  put  in  a  direct-cur- 
rent generator,  nm  by  an  alternating-current  motor,  in  order 
to  supply  the  direct-current  motors  on  the  hoist  and  pump. 
This  involved  the  cost  of  an  additional  motor  and  generator, 
the  complication  of  the  plant  by  two  more  machines  to  look 
after,  and  a  loss  of  about  20  per  cent,  in  power  in  these  two 
machines,  all  of  which  could  have  been  avoided  if  the  motors 
could  have  been  run  direct  from  the  main  circuit.  If  the  elec- 
trical people  had  had  the  forethought  to  bring  out  the  multi- 
phase system  three  or  four  years  sooner,  all  this  would  have 
been  saved. 

Mr.  Brown  mentioned  the  point  that  the  rheostat  on  his  hoist 
heats  badly,  that  is,  when  it  is  used  continuously.     I  simply 
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want  to  call  attention  to  the  fact  that  this  is  not  an  inherent  de- 
fect in  the  electric  hoist.  The  trouble  is  that  his  rheostat  is  not 
large  enough ;  has  not  sufficient  capacity  for  that  particular 
service.  If  the  rheostat  is  to  be  used  for  controlling  the  cur- 
rent, and  not  merely  for  starting,  and  is  to  be  in  circuit  most 
of  the  time,  it  must  have  greater  capacity.  This  is  illustrated 
by  the  odor  from  the  rheostat  in  circuit  with  this  magnetic  sepa- 
rator* during  the  early  part  of  the  evening;  it  is  not  large 
enough  for  the  current  that  has  to  go  through  it,  and  the  heat 
softens  the  insulation. 

Mr.  Brown  inquired  about  the  lightning-arresters  used  in 
this  region.  This  is  one  of  the  most  important  things  to  be 
considered,  especially  in  mountainous  countries,  where  lightning 
is  always  very  severe. 

It  may  be  said  that  there  are  three  types  of  lightning-ar- 
resters now  in  general  use,  each  of  them  perhaps  possessing 
some  advantages  over  the  others.  The  one  which  he  describes 
consists  of  a  number  of  cylinders  of  non-arcing  metal,  placed 
parallel  and  close  together,  with  little  gaps  between,  so  that  the 
lightning  jumps  across;  and  this  metal  being  non-arcing,  as  it 
is  called  (that  is,  it  does  not  establish  an  arc  or  bridge  under  the 
action  of  the  current),  the  dynamo-current  does  not  follow  the 
lightning-discharge.  In  another  type  of  arrester  the  lightning 
jumps  across  a  small  gap,  and  there  is  a  strong  magnet  placed 
with  the  lines  of  magnetic  force  across  that  gap,  and  these  mag- 
netic lines  have  the  effect  of  blowing  out  the  arc  or  stopping  it. 
This  is  called  a  "  magnetic  blow-out "  arrester,  and  has  been 
very  widely  used.  In  a  new  arrester,  just  brought  out,  which 
gives  promise  of  being  better  than  either,  the  gaps  are  between 
large  metal  disks  of  sufficient  surface  to  radiate  the  heat  so 
rapidly  as  to  dissipate  the  arc  in  that  manner.  This  makes 
a  very  simple  and  cheap  arrester,  and  is,  apparently,  very  effi- 
cacious. 

In  this  district  the  subject  of  arresters  has  received  a  great 
deal  of  attention,  and  many  types  have  been  used  with  more  or 
less  success. 

Perhaps  one  of  the  best  examples  of  power-plants  of  this 
kind  is  the  Silver  Lake  Mines  plant  at  Silverton,  where  the 

*  A  Wetlierill  magnetic  separator,  exhibited  In'  Mr.  Nitze.     See  page  357. 
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power  is  transmitted  to  an  altitude  of  12,300  feet,  which  is 
about  3000  feet  higher  than  at  Bodie.  Lightning,  as  you  know, 
is  .extremely  severe  during  the  summer  in  that  part  of  the  coun- 
try, and  yet,  during  the  past  season,  as  I  am  informed  by  Mr. 
Stoiber,  the  owner  of  the  plant,  they  have  had  no  tronl)k'  from 
lightning,  and,  so  far  as  I  know,  were  not  shut  down  foi-  an  in- 
stant on  that  account.  It  may  be  said  that,  with  the  present 
lightning-arresters,  while  lightning  is  a  thing  that  cannot  be 
absolutely  guaranteed  against^ — it  is  very  tricky — still  we  may 
feel  that  electric  machinery  has  received  reasonable  and  almost 
perfect  protection  against  this  danger. 

In  regard  to  the  comparison  in  economy  between  electricity 
and  compressed  air,  I  fully  agree  with  Mr.  Brown  that  there  is 
a  great  lack  of  really  accurate  data  on  which  to  base  a  judg- 
ment. A  case  in  point  is  the  plant  just  installed  for  the  Colo- 
rado Fuel  and  Iron  Co.,  at  their  Rouse  mine,  for  underground 
pumping  and  other  uses,  but  principally  for  pumping.  This 
plant  replaces  compressed-air  pumps.  I  have  been  informed  by 
the  engineer  who  supervised  the  i)lant  that  a  few  rough  tests 
which  he  has  made  indicate  an  astonishing  superiority  of  elec- 
tricity over  compressed  air ;  the  dift'erence  is  so  great  that  I 
would  hardly  care  to  state  it  as  authoritative,  and,  in  fact,  he 
did  not  give  it  in  that  manner.  lie  intends  to  make  more  ac- 
curate tests  on  which  to  base  a  better  judgment.  It  should  be 
said,  also,  in  this  connection,  that  the  dynamo  is  run  by  an 
economical  modern  compound  engine,  while  the  air-compres- 
sors were  run  by  less  economical  engines,  and  there  were  a  good 
many  other  conditiotis  in  favor  of  electricity  in  this  particular 
comparison.  Still,  it  is  my  opinion,  although  I  cannot  at  this 
moment  produce  accurate  data  to  show  it,  that  electric  power  is 
very  much  more  efiicient,  and  delivers  a  much  larger  percentage 
of  the  initial  power  than  compressed  air,  and  that  it  is  also 
cheaper,  provided  the  transmission  is  for  any  considerable  dis- 
tance. If  I  remember  correctly,  the  tests  made  on  the  Paris 
system  of  distribution  by  compressed  air  showed  a  total  effi- 
ciency of  something  like  33  per  cent. — this  is  given  simply 
from  memory — which,  of  course,  is  very  much  below  that  ob- 
tainable by  electricity,  which  runs  up  to  60  or  70  per  cent.,  and, 
in  some  cases,  considerably  higher. 

With  regard  to  Mr.  Brown's  inquiry  concerning  the  storage- 
voL.  XXVI. — 69 
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battery,  I  would  say  that  tliis  appliance  is  not  used  anywhere 
in  this  part  of  the  country  in  connection  with  power-plants. 
The  great  objection  to  the  storage-battery  at  present  is  that  it 
is  very  heavy,  and  very  expensive  for  a  given  amount  of  power 
stored;  and  its  deterioration  is  also  comparatively  rapid.  It  is 
used  with  good  eflect  in  lighting-plants  in  many  places,  for 
assisting  the  dynamos  during  the  heavy  load  in  the  early  even- 
ing, or  carrying  the  light  load  during  the  day  when  the  plant 
is  not  running ;  but  to  store  any  great  amount  of  power  to  tide 
over  several  days,  or  a  week,  or  a  month,  or  a  period  of  dry 
weather,  the  cost  would  be  so  enormous  as  to  be  absolutely 
prohibitive.  No  doubt,  improvements  will  be  made  in  the 
storage-battery,  and  it  will  eventually  assume  a  wide  field  in 
electric  operations ;  but  I  am  not  inclined  to  look  very  hope- 
fully on  the  use  of  the  storage-battery  in  connection  with  power- 
transmission  plants  pure  and  simple,  for  the  reasons  stated. 
Moreover,  it  cannot  be  used  with  the  alternating  system,  which  is 
now  employed  almost  exclusively  in  long-distance  transmission. 

In  answer  to  Mr.  Brown's  inquiry  about  the  use  of  barbed 
wire  as  a  lightning-protection  (that  is,  a  barbed  wire  running 
along  the  tops  of  the  poles  and  grounded  at  intervals  of  a  few 
poles  by  a  wire  running  down  into  wet  soil),  that  method  is 
used  in  a  number  of  plants  in  this  region,  such  as  the  Silver 
Lake  Mines  plant  at  Silverton,  the  plant  at  Telluride,  and,  I 
believe,  the  Virginius  mine  at  Ouray,  and  some  others.  It  is 
difficult  to  tell  just  how  much  good  it  really  does,  or  whether 
it  does  any  good  or  not,  because  you  cannot  see  the  lightning 
when  it  strikes  the  barbed  wire  and  goes  down  to  ground  as 
you  can  when  it  passes  through  the  lightning-arrester.  Still 
the  general  opinion  seems  to  be  that  the  barbed  wire  does  give 
considerable  protection,  and  that  it  is  worth  while  to  put  it  up 
as  an  auxiliary  to  lightning-arresters. 

D.  W.  Brunton,  Aspen,  Colo. :  In  Aspen  we  have  so  far  ex- 
perienced no  trouble  whatever  from  lightning.  Our  wires  pass 
through  the  Cowenhoven  tunnel,  underground,  for  a  distance 
of  1|  miles,  and  are  in  some  places  okonite-covered  cables;  in 
others,  where  the  timbering  consists  of  what  are  known  among 
miners  as  square  sets,  we  use  ordinary  bare  wires  secured  in 
the  corners  on  glass  insulators. 

Regarding  the  question  wliich  has  been  raised  here  as  to  the 
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comparative  efficiency  of  compressed  air  and  electricit}',  I  would 
say  that  we  ought  to  hear  on  this  subject  from  Mr.  Kebler,  who 
has  recently  taken  out  a  large  compressed-air  plant  and  re- 
placed it  with  olec'ti-icity. 

In  my  own  ex})ericnce,  when  we  ran  a  60-horse-power  plant 
with  eompressed  air  in  the  Delia  S.,tlie  nunu'rous  objections  to 
compressed  air  compelled  us  to  take  it  out  and  replace  it  with 
electricity ;  since  which  time  all  of  our  hoists  on  which  air- 
engines  were  employed,  have  been  replaced  with  electric  motors, 
which  have  proved  entirely  satisfactory. 

In  the  Free  Silver  (the  plant  mentioned  by  Mr.  Hale  yester- 
day as  the  largest  electrical  hoisting-plant  in  the  world),  we 
use  a  direct  current  of  500  volts,  and  have  so  far  had  no  trouble 
whatever.  At  first,  the  trouble  complained  of  by  Mr.  Brown 
in  the  rheostat  showed  itself  very  plainly,  and  the  small  rheostat 
had  to  be  replaced  with  a  much  larger  one,  since  which  time 
heating  has  entirely  disappeared,  and  we  can  hoist  at  any  rate 
of  speed  desired  without  the  slightest  trouble  from  over- 
heating. 

The  hoist  is  overbalanced,  and  experiments  made  to  deter- 
mine the  relative  efficiency  of  the  unbalanced  or  direct  hoist- 
ing-system and  the  overbalance,  showed  an  increase  in  the  effi- 
ciency of  66  per  cent*  in  favor  of  overbalancing. 

In  the  Delia  S.,  we  have  recently  been  compelled,  in  order 
to  cut  down  our  electric  rental,  to  adopt  overbalancing,  and 
have  attempted  a  modification  of  the  overbalance  system  by 
simply  winding  a  cable  around  the  hoisting-drum  in  the  oppo- 
site direction  from  the  cable  attached  to  the  cage.  Owing  to 
the  fact  that  the  wire  cable  had  to  be  carried  over  two  sheaves 
and  bent  twice,  our  efficiency  there  was  not  so  great  as  at  the 
Free  Silver.  The  saving  in  overbalancing  at  the  Delia  S. 
amounte<l  to  exactly  50  per  cent.  By  overbalancing,  I  mean 
that  we  have  counter-balanced  the  weight  of  the  cage  and  the 
car,  and  in  addition  to  that,  have  added  weight  equal  to  one- 
half  of  the  live  load  to  be  lifted.  For  instance,  if  the  car  holds 
3000  pounds  of  ore,  then  our  overbalance  would  equal  the 
weight  of  the  cage,  car,  and  1500  pounds,  so  that  the  motor, 
instead  of  using  a  sufficient  amount  of  current  to  lift  the  en- 
tire load  during  the  actual  time  of  hoisting,  uses  one-half  that 
current,  but  for  double  the  time. 
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In  the  Alta  Argent  plant,  described  by  Mr.  Hale  yesterday, 
we  have  exceptional  opportunities  to  use  electricity  under  the 
most  favorable  conditions.  The  plant  is  situated  about  If 
miles  undergiound  and  about  1000  feet  below  the  surface,  and 
is  at  the  head  of  what  we  term  an  inclined  shaft.  The  cage 
runs  on  iron  wheels,  Hnd,  instead  of  carrying  the  ropes  up  over 
the  sheaves  and  down  to  the  level,  the  shaft  is  extended  above 
the  level  of  the  station  a  distance  of  40  to  45  feet,  and  the 
hoisting-plant  is  put  at  the  head  of  that  opening,  so  that  the 
cables  pass  from  the  drum  directly  down  the  shaft,  and  the 
electric  wires  are  carried  down  the  sides  of  the  raise  to  the 
very  collar  of  the  shaft.  The  motor-room  above  has  a  locked 
door,  and  the  engineer  is  entirelv  dispensed  with.  The  cage- 
tender,  standing  at  the  collar  of  the  shaft,  operates  the  hoist, 
as  all  of  the  levers  are  located  practically  at  his  hand  in  a  po- 
sition where  he  can  look  down  the  shaft  if  necessary.  This 
plant  has  been  running  for  a  year  and  a  half  without  a  single 
break-down  or  the  expenditure  of  one  cent  for  repairs ;  and 
the  saving  of  three  engineers'  wages  during  the  24  hours,  at 
$3.25  per  shift,  makes  a  total  of  $9.75  per  day.  The  miners 
working  in  the  bottom  of  the  shaft  at  first  objected  to  this  ar- 
rangement; but  they  are  now  the  most  satisfied  lot  of  men  that 
I  know  of.  We  have  sunk  nearly  300  fe*t  since  this  plant  was 
installed,  making  the  total  depth  from  the  surface  about  1300 
feet,  without  a  single  accident. 

Perhaps  it  would  be  well  for  me  to  explain  the  words  "in- 
clined shaft."  The  rocks  on  Smuggler  mountain  dip  at  an  angle 
of  about  55  degrees,  and  some  years  ago,  when  it  became  nec- 
essary to  follow  the  ore-zone  below  the  level  of  the  deep  tun- 
nels by  which  the  mines  there  are  operated,  it  became  a  grave 
question  whether  we  should  sink  a  vertical  shaft  and  drift  over 
to  the  ore-body  or  run  the  ordinary  incline,  following  the  ore- 
zone.  Every  miner  knows  the  objections  to  the  ordinary  in- 
cline. It  is  expensive,  dangerous,  requires  a  large  station  at 
each  level,  and  accidents  are  continually  happening  in  it,  under 
even  the  best  of  management.  On  the  other  hand,  if  we  sink 
a  vertical  shaft  we  encounter  a  water-bearing  stratum  of  rock 
about  40  feet  below  the  ore-zone,  which  is  quite  persistent 
throughout  Smuggler  mountain:  and,  as  each  successive  sta- 
tion was  readied   in   sinking  tlie  shiift,  drifts  would   not  only 
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have  to  be  run  further  and  further  to  strike  the  ore-bod}',  but 
each  one  of  them  wouhl  pass  through  this  water-bearing  stra- 
tum and  receive  the  full  eifect  of  the  immense  vohime  of  water 
and  quicksand  which  it  carries. 

Under  these  circumstances  the  idea  occurred  to  me  that  if 
some  movement  shouhl  occur  in  the  earth's  crust  whereby  a 
vertical  shaft  should  be  thrown  out  of  the  perpendicular,  it 
would  not  cease  to  be  a  shaft  because  it  w^as  no  longer  perpen- 
dicular. Acting  on  this  suggestion,  we  have  planned  what  has 
been  called  an  inclined  shaft,  whi(;h  is  simply  an  ordinary  shaft 
tipped  on  its  edge,  instead  of  laid  over  on  its  side,  as  an  incline 
would  be.  The  advantages  in  sinking  are  very  marked. 
There  is  less  roof  exposed,  and  where  pumps  are  necessary 
they  can  be  placed  in  the  upper  compartment  of  the  shaft,  and 
by  putting  them  upon  a  hea\^'  wooden  platform  it  is  possible  to 
blast  without  the  slightest  danger  of  injuring  them. 

The  Delia  S.  inclined  shaft  has  been  sunk  a  distance  of  nearly 
800  feet,  and  I  do  not  remember  that  we  have  had  a  single  ac- 
cident. In  fact,  when  blasting  is  going  on,  the  bottom  of  the 
shaft  is  always  a  sufficient  distance  below  the  timbers  to  drive 
the  rock  up  against  the  platform  underlying  the  pump,  which 
has  proved  ample  protection  under  all  circumstances;  and  I 
w'ould  recommend  any  one  who  is  called  upon  to  follow  a  slop- 
ing ore-body  to  look  into  the  inclined-shaft  arrangement  before 
commencing  operations, 

Julian  A.  Kebler,  Denver,  Colo. :  I  have  not  had  very 
much  experience  as  to  the  relative  efficiency  of  compressed  air 
and  electricity.  We  have  recently  put  in  an  electric  plant  at 
our  Rouse  mine  in  Huerfano  county.  In  order  to  understand 
the  situation,  some  little  explanation  is  required.  The  coal- 
mine was  opened  by  a  slope  going  down  on  a  grade  of  about 
5  per  cent.  When  ^ve  opened  the  mine  none  of  the  other 
mines  in  the  immediate  vicinity  had  much  water,  and  the 
slack,  or  fine  coal,  was  not  salable  and  was  thrown  away. 
We,  therefore,  did  not  care  how  much  fuel  we  used.  We 
encountered  a  small  amount  of  water,  put  in  an  ordinary 
straight-line  pump  jjnd  operated  with  steam,  carrying  it  some 
2000  feet.  At  this  point  it  was  so  wasteful  that  we  put  in  an 
air-compressor.  Driving  the  slope  still  farther,  we  encountered 
more  water,  so  we  put  in  a  second,  and  finally  a  third  com- 
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pressor.  Thus,  at  tlie  tinio  tlie  electric  plant  was  put  in,  we 
were  jmuipin!;  about  600  gallons  a  minute  through  4000  feet 
of  pipe,  having  a  vertical  lift  of  about  100  feet.  The  com- 
pressors were  all  Xorwalk,  22  by  24.  Our  air-supply  pipes 
were  not  nearly  large  enough,  as  we  were  carrying  the  air  from 
three  compressors  through  two  4-iri('li  pi[»es.  It  was  not  possi- 
ble to  heat  the  air  before  using,  as  the  pumps  were  4000  feet 
from  the  mouth  of  the  mine.  The  pumps  used  were  the  ordi- 
nary straight-line  steam-pumps  of  Worthington,  Cameron  and 
Smith-Yaile  patterns. 

Last  fall  we  encountered  another  flow  of  water,  and  some- 
thing had  to  be  done.  We  either  had  to  put  in  more  air-com- 
pressors and  larger  air-pipes,  or  an  electric  plant ;  and  we  finally 
decided  to  try  electricity.  For  the  past  two  or  three  years  our 
slack  has  been  salable,  and  therefore  we  wanted  to  put  in  an 
economical  pumping-plant ;  and  at  the  same  time  we  decided 
to  apply  electricity  to  our  other  machinery  around  the  works. 
"We,  therefore,  put  in  a  compound-condensing  high-speed  engine, 
coupled  direct  to  a  dynamo,  and  put  in  motors  to  run  not  only 
our  pumps  but  also  fans,  screens,  and  machine-shop.  There- 
fore, in  our  case,  we  can  only  compare  the  use  of  compressed 
air  under  the  most  adverse  circumstances  with  electricity  under 
nearly  the  most  favorable.  While  we  have  not  had  very 
thorough  tests,  the  result  has  certainly  been  remarkable. 

The  plant  has  been  running  one  and  one-half  months,  and 
we  are  doing:  the  same  amount  of  work  with  5  tons  of  coal  that 
witb  compressed  air  took  35  or  40  tons. 

Regarding  the  efficiency  of  compressed  air,  we  have  prob- 
ably thirty  air-compressors  of  difterent  makes  in  use  at  our 
plants,  all  of  them  simple  straight-line  compressors.  With  the 
best  tests  that  we  could  get  we  have  never  been  able  to  get 
over  40  per  cent,  efficiency  in  transmitting  the  air  4000  feet. 

R.  W.  Raymond,  Xew  York  City  :  An  interesting  comparison 
with  the  figures  of  cost  given  by  Messrs.  Hale  and  Brown  is  fur- 
nished by  a  paper  read  before  the  Institute  in  May,  1877,  by 
Mr.  X.  S.  Keith,  entitled,  "  Can  We  Transmit  Power  in  Large 
Amount  by  Electricity  ?"  This  paper  was  suggested  by  a  state- 
ment reported  to  have  been  made  by  Dr.  C.  W.  Siemens,  that 
a  continuous  rod  of  copper,  30  miles  long  and  3  inches  in  di- 
ameter would  be  capable  of  conveying  for  that  distance  electri- 
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cal  energy  equivalent  to  1000  horse-power — the  source  of  power 
being  a  waterfall.  Mr.  Keith  calculated  the  cost  of  an  installa- 
tion for  this  purpose  (1000  volts  being  his  figure  for  the  re- 
quired intensity)  as  $40,000  for  the  dynamo,  $33,200  for  the 
motor,  and  $1,411,800  for  the  conductor — sums  which  seemed 
to  be  certainly  prohil)itory.  But  the  problem  has  been  entirely 
altered  by  the  newer  systems  of  transmission,  then  unknown ; 
and  his  calculation  stands  to-day  as  merely  an  accurate  land- 
mark, from  which  the  progress  of  twenty  years  can  be  measured. 
"We  may  even  say  that  the  question  has  been  radically  changed 
since  Mr.  Rothwell  read  at  the  Buffalo  meeting  of  October, 
1888,  his  paper  on  "  The  Present  Status  of  Electric  Transmis- 
sion of  Power,"*  a  paper  which  may  still  be  consulted  with 
advantage,  as  an  impartial  discussion  of  the  relative  economy 
of  compressed  air  and  electricity,  including  a  prophecy  of  what 
has  since  been  accomplished  with  the  latter  agency. 

Mr.  Brown's  question  as  to  the  use  of  the  storage-battery 
suggests  a  further  application  of  electrical  energy — I  mean,  in 
connection  with  wind-power.  Thirty  years  ago  I  gave  some 
attention  to  the  subject  of  the  use  of  wind-power  for  running 
stamp-mills  in  arid  and  unforested  districts,  where  coal  ^vas  not 
available,  so  that  neither  steam  nor  natural  water-power  could 
be  economically  employed.  The  only  method  then  occurring 
to  my  mind  for  equalizing  the  fitful  character  of  wind-power 
was  the  pumping  of  water  or  the  raising  of  weights  for  storage 
of  energy.  My  report  as  United  States  Commissioner  of  Mines 
and  Mining,  published  in  1870,  contains  (p.  717)  a  chapter 
on  the  subject.  I  need  hardly  say  that  such  schemes  are  not 
particularly  convenient  or  economical  of  execution.  But  I  am 
interested  to  know  whether  the  storage  of  electrical  energy 
may  not  promise  better  results.  I  understand  that  Mr.  Brush, 
the  well-known  electrician,  is  using  wind-power  and  storage 
batteries  combined  for  a  system  of  electric  lighting  at  his  own 
country-house.  Is  there  any  probability  that  a  similar  combi- 
nation could  be  nsed  for  power  ? 

Mr.  Hale  :  To  the  running  of  dynamos  by  wind-power  and 
the  storage  of  the  power  in  storage-batteries,  those  objections 
apply  which  I  have   already  stated  in   connection  with  Mr. 


*  Trans.,  xvii.,  555. 


1084  ELECTRICITY    IN    MINING. 

Brown's  general  question;    and  in  addition  to  them,  we  have 
the  serious  defects  of  wind  as  a  motive-power. 

In  the  first  place  a  wind-mill  to  produce  a  large  amount  of 
power,  is  an  extensive  and  expensive  institution.  In  the  sec- 
ond place,  the  speed  is  very  unsteady ;  whereas  the  dynamo 
requires  a  steady  speed.  A  dynamo  has  recently  been  designed 
and  patented,  to  be  used  especially  with  wind-mills,  which  is  in- 
tended to  maintain  a  constant  voltage  at  varying  speed,  but  I 
believe  it  has  not  been  introduced  to  any  great  extent,  and  I 
am  not  certain  whether  it  is  a  practical  success  or  not.  In  any 
case,  however,  I  am  inclined  to  think  that  the  enormous  cost 
of  the  wind-plant  in  proportion  to  the  power  it  will  develop, 
and  also  the  impossibihty  of  storing  any  large  amount  of  power 
by  any  means  known  at  present,  will  prevent  for  a  long  time 
any  great  utilization  of  wind-power.  Mr.  Brush's  plant,  which 
has  been  mentioned,  is  merely  a  very  large  and  extremely  ex- 
pensive toy.  As  I  understand  it,  it  is  more  of  a  curiosity  than 
a  utility,  and  Mr.  Brush  built  it  principally  to  show  what  could 
be  done  in  that  direction — merely  as  a  curious  application  of 
wind-power  for  the  generating  of  electricity. 

P.  S. — (Communication  from  Mr.  Hale  to  the  Secretary,  Janu- 
ary, 1897) :  In  the  discussion  at  the  September  meeting,  of  the 
relative  economy  of  electricity  and  compressed  air,  the  scarcity  of 
accurate  comparative  data  was  commented  upon,  and  reference 
was  made  to  some  rough  tests  made  on  the  compressed-air  and 
electric  pumping-plants  of  the  Colorado  Fuel  and  Iron  Com- 
pany, at  Rouse,  Colo.,  Mr.  Kebler,  General  Manager  of  that 
company,  stating  that  with  the  electric  plant  they  were  doing 
with  5  tons  of  coal  the  same  work  that  required  35  to  40  tons 
with  compressed  air.  Mr.  Searing,  the  consulting  engineer  of 
the  plant,  has  since  made  some  thorough  comparative  tests, 
wliicli  wore  embodied  in  an  interesting  paper  published  in  sev- 
eral technical  journals.  The  following  extracts  from  this  paper 
give  a  summary  of  his  tests : 

The  test  of  the  compressed-air  system  was  confined  to  the  one  pump  in  No.  1 
slope,  to  obtain  the  total  efficiency  between  the  steam-cylinders  of  the  compres- 
sors and  the  water-discharge  of  the  pump. 

Average  steam-{)ressure,  ......  80  lbs. 

Average  air-pressure,      .......  60  " 
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64 
110 
400 
170 
150  lbs. 

312 


Average  revolutions  per  minute  : 

Three  compressors,      ...... 

Two  compressors,         ...... 

Averagje  gallons  discharged  by  pump  per  minute, 
Average  strokes  of  pump  per  minute, 
Average  pressure  per  square  inch  pumj)ed  against. 
Average   indicated   horse-power  at  steam-cylinders  of 

compressors,        ........ 

As  the  theoretical  horse-power  required  to  force  400  gallons  per  minute  against 
120  pounds  is  28,  it  follows  that  the  efficiency  of  the  system  between  the  points 
measured  is  less  than  9  per  cent. 

If  we  go  back  of  the  steam  cylinders  to  the  coal-pile,  we  find  a  still  more 
deplorable  state  of  affairs  ;  for  to  operate  these  three  compressors  requires  eight 
boilers,  consuming  35  tons  of  coal  per  day  of  24  hours. 

The  average  of  numerous  tests  on  the  two  small  electric  pumps  gave  the  follow- 
ing results  : 

Average  gallons  per  minute  discharged, 

Average  pressure  at  pumps,  . 

Average  strokes  per  minute,  each  pump, 

Average  amperes,  ..... 

Average  station-voltage. 

Average  indicated  horse-power  at  engine, 

Average  horse-power  at  pump  disciiarge, 

Efficiency  : 

Generating-unit,  engine  and  dynamo,  . 
Motor,  pump  and  line,  .... 
Total   from   cvlinder  of  engine   to   water-discharge  of 


. 

500 

. 

56.5  lbs. 

, 

172 

37 

. 

475 

,     . 

32.83 

• 

16.4 

71.5  per 

cent 

,    , 

.   70 

u 

pump. 


50 


As  soon  as  the  first  station-pump  was  started  and  in  good  running  order,  tests 
were  made  with  the  following  results  : 

Average  gallons  per  minute  discharged. 
Average  pressiu-e  at  pump,     . 
Average  strokes  per  minute,  . 
Average  amperes,  ..... 
Average  station-voltage. 
Average  indicated  liorse-power  at  engine, 
Average  horse-power  at  pump-discharge. 

Efficiency  : 

Generating-unit,  engine  and  dynamo,  . 
Motor,  pump  and  line,  .... 
Total  from  engine  cylinder  to  pump-discharge. 

Although  the  total  efficiency  with  the  small  pumps  is  as  high  as  was  predicted, 
it  is  nevertheless  true  that  the  engine  and  dynamo  are  working  at  a  disadvantage 
with  a  load  of  but  20  per  cent,  of  their  rated  capacity.  In  the  case  of  the  large 
pimip,  the  generating  unit  is  underloaded,  as  is  also  tlie  pump,  which  combine  to 
bring  the  total  efficiency  below  the  estimated  50  per  cent.  When  the  mine  is 
finally  pumped  out  and  all  the  pumps  and  motors  are  running,  the  generator  and 
engine  will  have  a  comfortable  load,  and  it  is  safe  to  say  that  the  total  efficiency 
of  the  pumping-plant  will  then  be  very  close  to  60  per  cent. 


, 

.  650 

64  lbs. 

. 

18S 

, 

53.5 

. 

550 

53.6 

• 

24 

73  per  cent 

. 

61 

j;e, 
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Qualitatively  speaking,  actual  results  with  the  compressed-air  and  electric 
plants  which  are  the  suhject  of  this  article  show  that  the  work  of  pumping,  calling 
for  HI 2  horse-power  and  8  hollers  in  the  case  of  compressed  air,  could  he  done  hv 
electricity  with  but  56  horse-power  and  one  boiler,  disregarding  even  the  use  of  a 
compound  engine  and  a  condenser. 

Further,  the  writer  has  no  hesitancy  in  saying  that  the  whole  plant  of  pumps 
and  machinery  formerly  requiring  the  eight  boilers,  taxed  to  their  utmost,  can  be 
operated  by  the  present  electric  plant  with  but  the  one  horizontal  tubular  boiler. 

Due  allowance  should  be  made  for  the  fact  that  the  com- 
pressed-air plant  was  not  as  economical  and  perfect  an  installa- 
tion of  its  class  as  the  electric  plant.  The  pumps  were  similar 
in  general  quality,  the  direct-acting  air-ejlinder  of  the  com- 
pressed-air pump  being  replaced  in  the  electric  pump  by  a 
motor  transmitting  its  power  through  gearing.  The  plants  are 
therefore  about  on  a  par  as  far  as  the  pumping-end  is  concerned. 
But  the  pipe  of  the  air-plant  was  too  small  for  economical  trans- 
mission, while  the  wiring  of  the  electric  plant  was  properly 
proportioned.  The  Norwalk  air-compressors,  with  compound 
air-cylinders,  compare  favorably  with  compressors  generally  used 
in  mining  work,  but  the  steam-end  was  not  compounded,  as  in 
the  engine  running  the  dynamo.  This,  however,  while  it  would 
affect  the  relative  amounts  of  steam  and  coal  used  to  a-ive  the 
same  indicated  horse-power  in  the  steam-cylinder,  would  not 
affect  the  efficiency  of  the  system  beyond  this  point,  as  measured 
by  the  ratio  of  the  work  done  at  the  pump-discharge  to  the  I. 
II.  P.  in  steam-cylinder — which  efficiency  was  9  per  cent,  in  the 
compressed-air  plant  and  50  per  cent,  in  the  electric  plant,  in 
spite  of  the  latter  being  loaded  to  only  20  per  cent,  of  its  full 
capacity.  At  full  load  this  efficiency  is  expected  to  reach  60 
per  cent.  Heating  the  air  before  using  would  increase  the  effi- 
ciency, but  this  is  usually  impracticable  in  underground  min- 
ing work.  On  the  whole, -therefore,  the  air-plant  under  con- 
sideration is,  with  the  possible  exception  of  the  pipe,  a  fair  sam- 
ple of  plants  of  this  kind  generally  found  in  mines,  and  no 
improvement  in  the  pipe  could  overcome  more  than  a  small 
portion  of  the  difference  in  efficiency  between  the  two  systems. 

During  the  discussion  I  stated  from  memory  that  tests  of  the 
Paris  compressed-air  power-transmission  system,  one  of  the 
most  perfect  in  the  world,  showed  an  efficiency  of  something 
like  33  per  cent.  I  have  since  looked  up  a  report  of  Prof. 
Kennedy's  tests  at  Paris,  given  in  a  paper  by  Mr.  L.  B,  Atkin- 
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son  before  the  British  Institution  of  Civil  Engineers,  and  find 
that  he  gave  the  efficiency  as  31  per  cent.  It  is  said  that  by 
heating  the  airl)efore  it  enters  tlie  motor  this  efHeiency  maybe 
increased  to  45  per  cent,  but,  as  previously  observed,  this  is 
seldom  if  ever  i^racticable  in  mining,  so  that  al)out  30  per  cent, 
seems  to  be  as  liigh  as  can  reasonably  be  expected  in  ordinary 
cases.  With  electricity  a  total  efficiency  of  from  60  to  70  per 
cent,  from  I.  II.  P.  of  engine  to  Mech.  II.  P.  on  motor-shaft 
can  easily  be  obtained.  It  mnst  be  remembered  that  in  the 
Rouse  tests  the  power  was  measured  at  the  pump-discharge  and 
not  on  the  motor-shaft,  thus  including  in  the  losses  the  friction 
of  pump  and  gearing  and  correspondingly  reducing  the  meas- 
ured efficiency. 

All  of  these  tests  appear  to  confirm  the  generally  accepted 
opinion  that  for  power-transmission  purposes,  except  under 
peculiarly  favorable  conditions,  compressed  air  cannot  be  con- 
sidered as  a  competitor  of  electricity. 

Thomas  II.  Leggett,  Johannesburg,  South  Africa  (communi- 
cation to  the  Secretary,  January,  1897):  Mr.  Brown's  excellent 
description  of  the  additional  plant  of  the  Standard  Co.  has 
but  just  reached  me.  With  reference  to  the  general  plan  in- 
volved in  these  additions  to  the  original  plant,  it  may  be  stated 
that  it  is  well  understood  by  the  writer  that  it  is  not  good 
practice  to  put  mine-hoists,  pumps,  etc.,  upon  the  same  electri- 
cal circuit  with  a  stamp-mill,  more  especially  where  concentrators, 
requiring  unvarying  speed,  are  employed. 

But,  in  this  case,  the  cost  of  the  additional  generator, 
motor  and  13-mile  wire-line  rendered  any  other  course  impos- 
sible, it  being  necessary  in  mining,  as  in  any  other  business,  to 
cut  one's  coat  in  accordance  with  the  amount  of  cloth  available, 
even  at  the  sacrifice  of  the  best  engineering  practice. 

While  the  direct-current  machines  are  not  literally  upon  the 
alternating-current  circuit,  they  are  practically  so,  inasmuch  as 
they  are  driven  by  the  A.  C.  motor  by  means  of  a  tandem-belt; 
hence  their  load  is  thrown  back  directly  upon  this  motor,  and 
through  it  to  the  single  generator  at  the  power-house.  This 
method  of  driving  the  D.  C.  generator  was  adopted,  again  for 
economical  reasons,  to  avoid  additional  construction-work,  and 
it  was  found  to  Avork  admirably,  even  at  the  rather  high  belt- 
speed  of  5600  feet  per  minute. 
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The  throwing  of  this  somewhat  trying  combination  of  vary- 
ing loads  upon  a  motor  driving  a  stamp-mill  and  vanner  con- 
centrators was  undertaken  wdth  less  hesitancy  because  it  was 
known  that  the  loads  could  be  so  adjusted  that  they  would  not 
all  fall  upon  the  A,  C.  machines  at  the  same  time,  and,  further, 
that  the  mill-engine  fly-wheel  could  be  used  in  the  event  of  too 
great  variations  of  speed. 

In  short,  while  the  combination  in  this  case  has  been  a  suc- 
cess for  the  reasons  given,  it  is  undeniably  better  practice  to 
keep  mill-  and  mine-loads  upon  separate  circuits  wherever  pos- 
sible. 

In  reference  to  the  water-power  end  of  the  line,  Mr.  Brown 
speaks  of  the  "  king-log  "  at  the  foot  of  the  free  face  of  the 
dam  as  bearino;  "  to  a  certain  extent  the  whole  thrust  of  the 
water."  Considering  the  manner  in  which  the  foundations  of 
the  dam  were  built,  it  would  seem  as  if  the  thrust  of  the  water 
were  pretty  equally  distributed  over  the  entire  base.  Trenches 
were  dug  down  to  the  firni  blue  cement-gravel,  lying  about  7 
feet  below  the  surface,  and  each  log  was  firmly  bedded  thereon. 
The  entire  material  was  not  removed,  but  only  sufficient  for 
the  trenches,  thereby  leaving  within  each  crib  of  the  lowermost 
or  foundation  timbers  a  compact  mass,  6  to  7  feet  high,  of  the 
original  gravel  forming  the  creek-bottom. 

The  dam  w^as  designed  and  built  o7|  feet  and  not  60  feet 
thick  at  the  base,  against  which  there  was  probably  too  much 
water  for  Mr.  Brown  to  obtain  an  accurate  measurement.  The 
present  dam  is,  however,  built  exceptionally  strong,  not  only 
for  the  reasons  stated  (cloud-bursts,  freshets  at  time  of  melting 
snows,  etc.),  but  largely  because  it  was  the  intention  to  increase 
its  height  to  the  full  limit  in  the  near  future,  thereby  greatly 
increasing  the  storage-capacity. 

Of  the  pipe-line,  the  lower  655  feet  of  18-inch  pipe  is  of  is"©. 
12  iron  (instead  of  No.  14),  as  there  the  pressure  is,  of  course, 
the  greatest. 

The  plant  has  demonstrated  the  adaptability  of  electric  power 
to  the  various  kinds  of  mining  work;  and  now  that  the  amal- 
gamation of  the  chief  mines  in  Bodie  is  finally  accomplished, 
there  is  a  field  for  the  extension  of  the  transmission. 
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The  Magnetic  Separation  of  Non-Magnetic  Material. 
Discussion  of  the  Paper  by  Messrs.  Wilkens  and  Nitze  (see  p.  351). 
(Pittsburgh  Meeting,  February,  1896.) 

AViLLiAM  B.  Phillips,  Birmingham,  AU\. :  The  questions 
raised  by  Messrs.  Wilkens  and  Nitze  are  in  the  highest  degree 
interesting  to  owners  of  low-grade  iron-ores,  and  no  less  so  to 
blast-furnace  managers.  If  it  can  be  shown  that  ores  hereto- 
fore considered  worthless  can  be  brought  within  the  limit  of 
economic  use,  many  large  and  readily  accessible  deposits  may 
come  into  market  on  the  one  hand,  while  on  the  other  the  pos- 
sible increase  in  the  output  of  the  furnace  per  ton  of  ore  used 
will  prove  of  advantage  to  the  iron-maker. 

It  cannot,  of  course,  be  claimed  that  this  process  has  been 
employed  on  a  working-scale  with  respect  to  iron-ores,  and  in 
so  far  as  concerns  results  on  a  large  scale  no  one  is  any  wiser 
than  his  fellow.  Granting  that  the  results  obtained  in  an  ex- 
perimental way  (and  certainly  the  experiments  were  conducted 
with  a  great  deal  of  care)  can  be  attained  in  practice,  we  would 
still  be  facing  the  question,  what  it  would  cost  to  get  them. 
In  the  absence  of  any  specific  data,  we  have  to  fall  back  on 
general  principles,  helped  along,  as  for  as  possible,  by  indica- 
tions aflbrded  by  the  experiments. 

I  must  confess  that  as  regards  the  Clinton  ores,  which  I  have 
studied  to  some  extent,  I  am  not  sanguine  of  making  a  ton  of 
63  to  54  per  cent,  concentrates  from  less  than  1.75  tons  of  40 
per  cent,  raw  ore.  It  may  be  possible  to  get  the  iron  in  the 
heads  to  56  to  57  per  cent,  but  the  lesser  richness  of  the  mid- 
dlings will  probably  reduce  this  to  53  to  54  per  cent,  in  the 
salable  stuff.  As  the  authors  remark,  it  is  not  worth  while  to 
discuss  the  concentration  of  the  better  grades  of  "  soft "  Clin- 
ton ore ;  for  the  price  at  which  they  are  now  delivered  at  the 
furnaces,  and  the  comparatively  limited  amount  now  remain- 
ing, render  their  concentration  unadvisable. 

If  it  is  to  succeed  in  the  Birmingham  district,  the  process 
must  be  applied  to  the  low-grade  soft  and  hard  ores  now  con- 
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si(lrr(_Ml  wortlile.ss ;   and  if  it  sueceeds  here  it  will  succeed  any- 
where. 

The  ore  with  which  the  concentrates  will  come  into  com- 
petition here  is  mined  and  sold  at  so  low  a  fignre  that  the  suc- 
cessful operation  of  a  concentrating-plant  would  demand  the 
very  best  efforts  of  the  most  competent  men.  The  process 
appears  simple  enough,  and  it  is  in  fact  so  simple  as  to  chal- 
lenge the  admiration  of  those  who  have  had  to  do  with  other 
processes  proposed.  To  dry,  crush,  size  and  send  ore  to  a 
separator !  .^N'o  roasting,  no  magnetizing,  no  large  volumes  of 
heated  gas  to  deal  with,  no  sintering !  It  is  an  ideal  process. 
The  heads  can  he  brought  up  to  56  to  57  per  cent.,  and  the 
tails  down  to  10  per  cent,  of  iron,  and  the  middlings  can  be 
distributed  anywhere  between  these  limits. 

But  does  there  not  lurk  somewhere  the  inevitable  difficulty? 
Is  it  all  to  be  plain  sailing  ?  What  are  the  points  in  connec- 
tion with  the  application  of  this  process  to  the  Clinton  ores  that 
will  probably  demand  the  most  attention,  and  will,  to  a  great 
degree,  condition  success  ? 

These  remarks  must  not  be  misinterpreted.  I  have  kept  a 
very  close  watch  on  the  process  since  its  application  to  these 
ores  Avas  suggested  by  Mr.  Wilkens,  and  I  am  convinced,  after 
many  careful  experiments  on  a  considerable  scale,  that  it  is  to- 
day the  best  process  yet  devised  for  the  improvement  of  the 
low-fjrade  Clinton  ores,  both  soft  and  hard.  I  have  ursfed  its 
adoption,  not  from  hearsay  evidence  of  its  value,  but  from 
actual  experience  with  it.  The  obstacles  in  the  way  of  its  use 
are  such  as  would  be  met  witli  in  any  system  of  concentration, 
x\z.^  the  cost  of  preparing  the  ore  for  the  concentrating-machine. 
The  act  of  separating  the  ore  is  a  minor  point.  The  feet  being 
once  established  that  it  can  be  done,  the  details  of  the  operation 
can  be  worked  out  according  to  local  conditions.  Bv  far  the 
greater  part  of  the  expense  is  incurred  between  the  crusher  and 
the  separator-bin,  and  is  liable  to  wide  fluctuations. 

It  is  not  likely  that  witli  the  Clinton  ores  a  size  coarser  than 
0.1  inch  diameter  can  be  profitably  treated.  It  may  be  that  on 
some  of  the  ores  crushing  through  an  8-mesh  screen  would 
suffice ;  but,  as  a  rule,  somewhat  finer  crushing  will  have  to  be 
practiced. 

The  cost  of  crushing  will,  of  course,  depend,  ceteris  paribus, 
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upon  the  ultimate  fiueuess  to  wliicli  the  ore  is  to  be  carried. 
To  counterbalance  the  increased  cost  of  crushing  through  a  10- 
mesh  screen,  we  nuist  be  able  to  effect  a  more  thorongh  con- 
centration, and  to  make  either  more  lieads  or  richer  heads. 
That  is  to  say,  a  ton  of  ore  put  through  a  10-mesh  screen  uuist 
yield  more  profit,  when  concentrated,  than  a  ton  of  the  same 
ore  put  through  an  S-mesh  screen.  The  size  of  the  meshes  that 
all  of  the  ore  must  pass  will  depend  on  the  natnre  of  the  ore; 
and  this  is  determined  not  only  by  the  relative  amounts  of 
oxide  of  iron  and  siliceous  matter  present,  but  also,  and  [>ar- 
ticularly,  l)y  the  relative  hardness  of  the  two.  To  illustrate: 
some  of  the  low-grade,  soft  Clinton  ore,  on  being  crushed  and 
ground  to  pass  a  10-mesh  screen,  will  yield  from  23  to  33  per 
cent,  through  a  40-mesh  screen,  and  this  material  will  carry 
from  50  to  54  per  cent,  of  iron  without  further  treatment.  The 
original  ore  carries  from  35  to  40  per  cent,  of  iron,  with  about 
the  same  amount  of  silica.  The  material  left  on  the  coarser 
screens  carries  much  less  iron  than  the  fines  through  a  40- 
mesh.  In  this  case  the  iron-bearing  portion  of  the  ore  is  much 
softer  than  the  matrix ;  it  grinds  to  a  finer  powder,  and  by 
simple  screening  is  removed  from  the  harder  (tougher)  i)or- 
tion,  and  constitutes  in  and  for  itself  very  good  ore. 

This  is  the  case  generally  with  the  low-grade  ore  of  Red 
mountain,  although  there  are  some  exceptions. 

But  there  is  a  limit  to  the  beneficiation  of  the  ore  b}'^  screen- 
ing. When  the  amount  of  material  passing  a  40-mesh  screen 
exceeds  25  per  cent.,  there  is  a  tendency  towards  retrogression 
in  quality.  Even  at  25  per  cent,  a  falling-oii"  is  observed ;  and 
the  irons  in  the  fines  will  not  be  above  50  to  51  per  cent.  It 
follows  naturally  that  in  preparing  the  ore  for  the  Wetherill 
machines  we  Avould  have  to  decide  how  much  fines  there  should 
be,  and  what  disposition  should  be  made  of  them.  If  the 
quantity  can  be  kept  below  25  per  cent,  we  may  expect,  by 
simply  screening  the  crushed  ore  over  a  40-mesh  screen,  to  get 
fines  that  will  carry  from  52  to  54  per  cent,  of  iron.  This 
material  I  would  not  attempt  to  concentrate  further.  It  may 
be  improved,  it  is  true,  but  the  improvement  would  not  be 
worth  the  trouble  and  expense.  Setting  it  aside,  therefore,  as 
blast>furnace-ore  direct,  or  as  material  to  be  mixed  with  heads 
or  middlings,  as  the  case  may  be,  or  to  be  used  as  paint  after 


1092       THE    MAGNETIC    SEPARATION    OF    NON-MAGNETIC    MATERIAL. 

finer  grinding,  we  would  thus  dispose  of,  let  us  say,  23  per 
cent,  of  the  ore.  What  is  it  Avorth  ?  As  ore  it  probably 
would  not  bring  as  high  a  price  as  ore  of  the  same  grade,  but 
coarser.  Excluding  the  question  of  briquetting,  as  introduc- 
ing additional  expense  not  provided  for,  and  looking  at  the 
matter  solely  from  the  standpoint  of  the  furnace,  it  is  not  likely 
that  the  fines  would  bring,  as  ore,  more  than  52|  cents  per  ton 
f.  o.  b.  at  the  works.  In  a  report  on  the  process,  I  have  taken 
the  value  of  fines  carrying  49  per  cent,  of  iron  at  45  cents  per 
ton  f.  o.  b.  at  the  works.  If  they  should  carry  51  per  cent,  of 
iron  they  might  be  worth  the  additional  7J  cents.  In  that  re- 
port the  amount  of  fines  was  taken  at  32  per  cent,  and  if  there 
should  be  made  only  28  per  cent.,  we  could  expect  to  se- 
cure the  additional  2  per  cent,  of  iron. 

We  have,  therefore,  23  per  cent,  of  the  ore  worth  52|  cents 
per  ton,  and  as  nearly  all  of  the  expense  incurred  in  the  use  of 
the  process  has  to  be  met  before  the  ore  goes  to  the  separator, 
this  portion  must  bear  its  share. 

What  can  be  done  with  the  other  77  per  cent.  ?  Of  what 
richness  can  the  concentrates  be  made,  and  what  will  they  be 
worth  ?  How  low  in  iron  can  the  tails  be  made,  and  what  mil 
be  the  inevitable  loss  from  this  source  ? 

We  will  allow  that  70  per  cent,  of  the  material  passing  over 
a  40-mesh  screen  can  be  brought  up  to  56  per  cent,  of  iron ; 
that  15  per  cent,  will  be  middlings,  which  cannot  be  carried 
above  50  per  cent,  of  iron,  and  that  15  per  cent,  will  be  tails 
carrying  not  over  15  per  cent,  of  iron.  IIow  will  the  matter 
then  stand  ?  From  100  tons  of  ore  we  would  get,  by  simple 
screening  over  a  40-mesh  screen,  23  per  cent.,  or  23  tons,  of 
fines,  worth  52J  cents  per  ton. 

Allowing  that  70  per  cent,  of  the  remainder,  or  54  per  cent, 
of  the  original  ore,  can  be  brought  up  to  56  per  cent,  of  iron, 
we  would  have  54  tons  of  this  quality,  worth,  we  will  say,  $1.00 
per  ton;  of  middlings  we  would  have  11.5  tons,  worth,  say,  60 
cents  per  ton,  and  11.5  tons  of  tails  of  no  value. 

The  account  then  would  stand : 

112.07 

54.00 

6.90 


23  tons 

@$ 

.52  J 

54      " 

@    1 

.00 

11.5   " 

(a), 

.60 

$72.97 
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Or,  say,  73  cents  per  ton  of  original  ore.  That  is,  we  wonld 
get  from  a  ton  of  raw,  dry  ore  prodnets  worth  73  cents.  This 
I  am  inclined  to  consider  the  maxiininn  valne  of  a  ton  of  soft 
Clinton  ore  tnrned  into  fines  and  concentrates,  the  fines  being 
used  as  ore  and  not  for  paint.  The  minimum  value  lies  some- 
where about  47  cents.  The  difference  between  these  figures, 
26  cents,  represents  the  possibilities  of  the  process  per  ton  of 
raw,  dry  ore.  I  do  not  say  that  26  cents  per  ton  of  raw,  dry 
ore  represents  the  possible  profit.  Calculated  profits  are  apt 
to  be  illusory.  In  the  absence  of  specific  data  on  which  to  l)ase 
an  opinion  as  to  the  working  of  the  process  on  a  large  scale, 
with  Clinton  ores,  we  shall  have  to  wait. 

That  the  process  is  unusually  promising,  and  worthy  of  the 
closest  attention,  cannot  be  doubted  by  any  one  who  has  taken 
the  trouble  to  look  into  it.  The  paper  under  discussion  is  sure 
to  attract  a  good  deal  of  comment,  and  I  am  fortunate  in  being 
able  to  add  my  mite  to  the  general  contribution. 

R.  W.  Raymond,  New  York  City :  The  allusion  in  this  paper 
to  the  gap  between  the  strongly  and  the  weakly  paramagnetic 
substances  may  be  more  fully  illustrated  by  a  reference  to  the 
work  of  Pliicker,  whom  the  authors  mention  in  passing.  His 
paper  on  the  subject  is  in  Poggendorfl:''s  Ammlen,  vol.  Ixxiv., 
for  1848.  Taking  the  magnetic  attractability  of  iron  as 
100,000,  he  determined  that  of  other  substances  by  careful  ex- 
periment. The  following  instances,  extracted  from  a  larger 
number  in  his  paper,  will  be  interesting  in  this  connection  : 

Magnetite, 40,227 

Ked  hematite, 134 

Specular  iron-ore,         ........  533 

Hydrated  ferric  oxide,  .         .......  156 

Linionite,     ..........  71 

Dry  persulphate  of  iron,      .......  Ill 

Protosulphate  (iron  vitriol),         ......  78 

Pyrite, 150 

Hydrated  Mn.^Oj 70 

MaA 167 

It  is  evident  that  determinations  of  the  magnetic  attracta- 
bility of  natural  minerals  must  be  aftected  by  their  degree  of 
purity,  and  also  by  their  chemical  and  physical  condition.  To 
meet  these  points  partly,  Pliicker  calculated  this  function  for 

VOL.  XXVI. — 70 
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the  amount  of  iron,  manganese,  etc.,  present  in  the  minerals 
examined,  obtaining  the  following  figures  : 

Iron  in  magnetite,         ........  55,oo2 

"       red  hematite, 191 

"       specular  iron  ore,      .......  761 

"       hydrated  ferric  oxide,       ......  296 

"       dry  persulphate,       .......  349 

"       protosulphate,  ........  38-5 

"       pyrite, 321 

Manganese  in  hvd rated  Mn^^O^,     .         .         .         .         .         .  112 

Mn,0„   .         .  ■ 232 

He  found  also  a  great  difference  between  two  forms  of  anhy- 
drous ferric  oxide  (the  second,  I  infer,  being  colloidal),  of 
which  one  showed  a  susceptibility  of  500,  and  the  other  of  286, 
the  figures  for  the  metallic  iron  in  them  being  respectively  714 
and  409. 

His  results  do  not  agree  in  all  respects  with  those  of  Wiede- 
mann, or  with  the  results  of  experiment  by  the  Wetherill  ma- 
chine. A  striking  instance  of  discrepancy  is  furnished  by  py- 
rite and  iron  vitriol,  the  former  of  which  Pliicker  rates  at  1 50 
and  the  latter  at  98.  Yet  I  was  able,  with  the  Wetherill  ma- 
chine, to  take  up  practically  the  whole  of  a  charge  of  powdered 
iron  \itriol,  whereas  it  has  not  yet  been  found  possible  to  effect 
with  that  machine  any  extraction  of  pyrite.  Very  possibly 
some  adjustment  of  quantity  and  intensity  of  current,  in  con- 
nection with  the  machine,  may  hereafter  be  found,  by  which  it 
will  be  made  effective  upon  a  wider  range  of  materials  than 
has  been  successfully  treated  so  far.  Meanwhile,  I  think  I  may 
venture  to  say  that  at  the  present  stage  of  this  apparatus  and 
its  manipulation,  the  results  obtained  by  it  do  not  exactly  agree 
with  any  of  the  laboratory-lists  of  relative  attractability  here- 
tofore published  by  scientific  investigators.  The  causes  of 
discrepancy  will  furnish  an  interesting  field  for  further  in- 
quiry. 

It  is  pretty  certain,  however,  that  the  ultimate  range  of  the 
apparatus  will  be  confined  wholly  to  paramagnetics,  and  none 
of  the  diamagnetics  will  be  added  to  that  list.  Under  this  latter 
head,  Faraday  included  bismuth,  antimony,  zinc,  cadmium,  so- 
dium, mercury,  lead,  silver,  copper,  gold,  arsenic,  uranium,  rho- 
dium, iridium  and  tungsten  ;  while  he  placed  among  the  para- 
magnetics iron,  nickel,  cobalt,  manganese,  chromium,  cerium, 
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titanium,  palladium,  platinum  and  osmium.  Some  of  these 
latter  are  doubtfully  olassitied.  Messrs.  AVilkens  and  Nitze 
have  not  clearly  sueceeded  in  attracting,  thus  far,  any  minerals 
not  containing  either  iron  or  manganese.  AVhat  they  may  ac- 
complish hereafter  among  the  other  paramagneties  A\'ill  be 
watched  with  interest. 


A  Modern   Silver-Lead    Smelting-Plant. 

Discussion  of  the  Paper  of  Mr.  L.  S.  Austin  (see  p.  388). 
(Colorado  Meeting,  September,  1896.) 

IIexrt  a.  Vezin,  Denver,  Colo,  (communication  to  the  Sec- 
retary, February,  1897):  I  hav-e  read  Mr.  Austin's  paper  with 
considerable  interest,  more  especially  as  the  designing  and  study 
of  such  works  have  been  an  attractive  occupation  for  me  during 
the  last  twenty-five  years, 

Mr.  Austin  says  that  a  "  plant  on  a  terraced  site  has  gener- 
ally been  considered  the  most  advantageous,"  and  also  that 
"  many  advocate  a  level  site,"  while  he  himself  "  is  disposed 
to  advocate  a  modification  of  the  latter  plan,  utilizing  an 
extended  surface  with  a  moderate  slope."* 

Among  the  advocates  of  the  terraced  sites  as  against  level 
ones,  I  do  not  recollect  ever  meeting  a  metallurgist  who  had 
even  made  an  attempt  to  plan  his  works  for  level  ground,  or 
who  had,  in  a  lucid  interval,  figured  how  much  he  gained  or  lost 
by  one  or  the  other  method.  The  average  metallurgist  starts 
with  the  assumption  that  it  is  rational  to  conduct  his  material 
down  hill  because  its  movement  is  aided  by  gravity,  while  to 
elevate  ore  or  furnace-material  by  machinery  he  vaguely  be- 
lieves to  be  not  alone  wrong  in  principle,  but  also  unnecessarily 
expensive. 

Let  us  look  into  the  expense  of  elevating  and  see  whether  it 
really  is  prohibitory  of  the  successful  operation  of  smelting- 
works  on  a  level  site.     Hoisting  or  elevating  material  in  the 


*  In  the  final  form  of  liis  paper  this  expression  of  preference  lias  been  omitted. 
My  remarks  on  the  subject,  therefore,  no  longer  apply  to  Mr.  Austin;  but  they 
are  retained  as  an  answer  to  other  metallurgists  and  mill-men,  w!io  liave  often 
expressed  to  me  the  same  preference,  not  liking  to  give  up  terraces  altogether. 
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West,  even  with  a  consumption  of  coal  as  liigli  as  10  pounds 
per  hour  per  horse-power,  can  be  readily  performed  for  ^  cent 
per  ton,  the  lift  being  30  feet.  Add  ^  cent  for  repairs,  and  we 
find  the  total  cost  per  ton  |  cent.  Mr.  Austin  admits  for  works 
on  a  level  site  good  ventilation,  accessibility  and  compactness 
of  plant.  Xow  assuming,  for  the  sake  of  argument,  that  the 
cost  of  elevating  is  four  times  as  great  as  my  estimate,  is  not 
the  one  point,  good  vmtUation,  cheap  at  such  a  price? 

It  is,  however,  unfortunate  for  the  terrace-advocates  that  the 
cost  of  elevating  is  not  saved  in  their  system,  which  involves 
tramming  much  further  (usually  by  man-power),  a  great  amount 
of  shovel-  and  barrow-work  and  less  convenience  in  the  general 
arrangements,  as  well  as  interest  on  the  greater  first  cost  of  the 
works. 

As  to  "  liability  to  accidents,"  if  elevators  are  properly  con- 
structed they  are  as  safe  as  any  other  machinery  used  in  smelt- 
ing-works.  Like  the  blowing-engines,  they  should  be  in  dupli- 
cate when  they  fulfil  an  important  oiRce. 

The  advantages  of  a  flat  site  over  one  in  terraces  are :  (1) 
that  the  first  cost  of  the  works  is  smaller ;  (2)  that  the  arrange- 
ment can  be  made  more  convenient,  as  the  lay  of  the  ground 
does  not  compel  placing  the  dift'erent  buildings  or  departments 
in  a  certain  predestined  order  so  as  to  obtain  the  fall  required ; 
(3)  that  every  square  foot  of  the  ground  may  be  at  will  alterna- 
tively the  equivalent  of  an  inferior  or  a  superior  terrace  to  every 
other,  and  hence  parts  of  the  works  that,  on  a  terraced  site, 
must  be  far  apart  in  vertical  distance,  can  be  placed  on  a  level 
site  side  by  side. 

In  the  terrace-system  the  ore  can  only  go  down  hill  unless 
elevators  are  used ;  and  if  these  are  required  it  makes  little  dif- 
ference whether  a  few  more  are  put  in  or  the  indispensable  ones 
are  built  higher.  The  objection  has  been  urged  that  elevators, 
especially  the  platform-hoists,  get  out  of  order  or  break  down. 
In  cases  that  came  under  my  notice  I  found  that  the  manage- 
ment had  tried  to  get  for  $300  to  §400  machinery  that  could 
not  be  properly  made  for  less  than  twice  that  sum.  There  is 
no  reason  why  elevators  should  not  run  day-in-day-out  with  far 
less  chance  of  interruption  than  a  steam-engine,  which  is  the 
most  delicate  machine  used  in  mines,  mills  and  smelting-works, 
and  the  most  liable  to  interruption  for  adjustment  or  repairs. 
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I  assume,  of  course,  that  the  other  machiuery  is  amply  strong 
and  well-made. 

I  may  cite  a  few  examples  of  the  manner  in  which  profes- 
sional men  deceive  themselves  by  not  asking  themselves  "  How 
much  ?"  In  the  autumn  of  1882,  during  the  Colorado  meeting 
of  the  Institute,  a  very  able  geologist,  perfectly  familiar  with 
Leadville  and  its  surroundings,  while  passing  tlie  smelting- 
works  below  the  town,  pointed  out  to  the  other  visitors  the 
arrangement  of  the  plants,  and  wouud  up  with  the  words:  "as 
if  intended  by  nature  as  the  site  for  lead-smelting-works."  I 
had  known  the  arrangement  of  these  works  since  1879,  or  prac- 
tically since  most  of  them  were  built.  There  was  always  a 
great  deal  of  shoveling,  and  much  of  the  ore  was  wheeled  by 
hand  up-hill  and  shoveled  up  into  the  bins.  It  would  have  been 
easy  to  construct  works  on  level  ground  for  less  money  and  to 
run  them  at  much  less  cost  per  ton,  even  if  it  had  been  neces- 
sary to  elevate  the  slag  to  get  rid  of  it. 

General  von  Helmersen,  Geologist-in-Chief  of  Russia,  who 
published,  in  1872,  a  very  complete  geological  map  of  the  coal- 
fields of  the  Donetz  in  Southern  Russia,  spoke  of  the  site  of  the 
iron-furnaces  at  Lissitchansk,  in  the  northwestern  corner  of 
these  fields,  as  specially  designed  by  Providence  for  iron-works. 
His  reason  was  that  they  could  be  arranged  "  rationally,"  z.g., 
in  terraces.  As  I  remember  the  ground,  it  has  a  slope  of  about 
15°,  possibly  less,  and  the  fall  from  the  top  of  ground  (or  fur- 
nace) to  the  river  is  280  feet.  No  iron-master  that  I  know 
would  choose  this  site,  even  if  coking  coal  and  good  ore  were 
found  in  the  neighborhood,  which  is  not  the  case. 

In  1888  the  advising  engineer  of  a  wealthy  syndicate  hunted 
all  over  Montana  in  search  of  a  site  having  200  feet  fall,  on 
which  copper-smelting-works  were  to  be  built.  It  would  have 
been  very  easy,  with  a  flat  site,  to  give  this  gentleman  the  equiv- 
alent of  2000  feet  fall,  or  more,  if  necessary,  and  he  could  then 
choose  a  place  which  would  oft'er  the  greatest  advantages  as  to 
railway-connections  and  power.  The  latter  consideration  prob- 
ably governed  the  final  choice,  as  the  works  were  built  on 
ground  having,  as  I  understand,  an  inclination  of  less  than 
3°,  while  the  power  is  furnished  by  a  river  flowing  past  the 
site. 

It  is  not  probable  that  advocates  of  the  two  systems  will  ever 
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come  to  an  understanding  as  to  what  they  really  disagree  about, 
until  each  has  designed  works  according  to  his  ideas  of  what  is 
best,  and  then  has  shown  the  advantages  tiiat  he  gains,  not  in 
uncertain  terms,  but  in  the  precise  language  of  dollars  and  cents 
per  ton  of  ore.  Heretofore,  whenever  I  have  been  drawn  into 
a  discussion  of  the  subject,  I  have  not  been  able  to  elicit  from 
the  advocates  of  the  terrace-system  anything  but  vague  decla- 
rations of  general  principles,  or  the  assertion  that  the  "  rational " 
way  to  build  works  is  in  terraces. 

Mr.  Austin  gives  no  reason  for  his  preference  for  a  "  moder- 
ate" slope.  If  he  expects  to  secure  the  advantages  of  both  sys- 
tems without  the  inconvenience  of  either,  he  has  my  sympathy ; 
for  to  me  it  appears  he  will  have  the  disadvantages  of  both. 
On  the  one  hand,  he  loses  the  freedom  of  arranging  his  works 
to  the  best  advantage,  while,  on  the  other,  he  must  use,  so  far  as 
I  can  see,  as  many,  if  not  more  elevators  than  on  a  level  site. 

Sampling. — ISTo  one,  I  presume,  will  dispute  the  correctness  of 
the  seven  requirements  for  satisfactory  automatic  sampling,  as 
laid  down  by  Mr.  Austin  (see  page  395).  But  after  read- 
ing what  he  says,  we  are  no  nearer  knowing  how  he  intends 
to  solve  the  problem  than  before.  A  strong  prejudice  exists 
against  the  use  of  automatic  samplers  amongst  those  who  have 
either  tried  defective  ones  or  else  have  misapplied  good  ones. 
One  objection  that  I  have  heard  urged  by  an  able  metallurgist 
against  a  mechanical  sampler  is  that,  when  the  stream  of  ore 
is  interrupted  the  machine  takes  no  sample.  This  is  correct ; 
but  when  no  ore  is  passing  no  sample  should  be  taken.  The 
machine  alluded  to  I  sketched  out  about  twenty-five  years  ago ; 
but  it  was  never  applied  until  within  the  last  few  years.  It 
consists  of  one  or  more  scoops  attached  to  a  vertical  revolv- 
ing shaft.  In  passing  through  the  stream  of  ore  the  scoops  cut 
out  an  equal  portion  from  each  part  of  it,  and  thus  assure  a 
correct  sample  of  the  whole.  These  scoops  can  be  arranged  to 
take  a  cut  out  of  the  stream  every  second,  or  less,  if  necessary, 
and  to  take  any  proportion  up  to  one-half  of  the  ore.  As 
regards  the  continuous  stream  of  ore,  there  should  be  no  diffi- 
culty in  maintaining  a  uniform  stream,  fluctuating  only  pro- 
portionally to  the  rate  of  feed  to  the  crushing-machinery.  But 
assuming  that  the  stream,  through  carelessness  or  design,  is  in- 
termittent, the  chances  are    entirely  in  favor  of  the  sample 
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being  correct  if  taken  every  second.  Not  the  least  advantage 
of  this  sampler  is  the  fact  that  it  is  not  hampered  by  any 
patent-rights. 

Another  objection  urged  against  a  good  sampling-machine 
is  tliat  the  coarse  pieces  of  ore  which  strike  the  edge  of  the 
scoop  are  assumed  to  jump  oti"  and  go  with  the  rejected  portion 
of  the  ore — that  is,  most  of  them  do  so,  and  hence  the  sample 
does  not  contain  its  due  proportion  of  lumps,  and  niay  be 
richer  than  the  average  of  the  ore.  To  remedy  this  alleged 
fault,  I  propose  having  the  rejected  portion  caught  by  the  scoop 
and  the  part  that  falls  outside  taken  as  the  sample.  For  this 
purpose  the  scoop  is  made  as  large  as  necessary  to  take  the 
j)roportion  (|,  ^,  |-,  |,  etc.)  of  the  stream  that  is  to  be  rejected. 
This  arrangement  should  satisfy  the  most  anxious  metallurgist. 

In  several  cases  the  machine  above  alluded  to  has  been  ar- 
ranged to  take  duplicate  samples,  so  that  they  might  check 
each  other.  One  machine  took  Jg.  of  the  stream  once  every  six 
seconds;  the  other,  the  same  amount  just  as  often,  but  three 
seconds  later,  or  half-way  between  the  scoopfuls  of  the  first. 
The  samples  checked  so  closely  that  the  method  was  soon 
abandoned,  and  the  two  sixteenths  were  run  together.  If  the 
resulting  sample  is  so  large  that  it  can  safely  be  cut  down 
again,  the  largest  pieces  being  1|  inches  in  diameter,  it  is 
shoveled  into  the  crusher  again,  so  as  to  pass  as  a  continuous 
stream  over  the  sampler.  If  this  takes  ^,  the  second  sample  is 
-^j  of  the  original  lot.  This  proportion  has  furnished  perfect 
samples  in  treating  Cripple  Creek  ores  containing  1  to  2  ounces 
of  gold  per  ton.  I  think,  however,  that  rather  more  should 
be  taken,  and  more  frequently,  especially  if  duplicate  samples 
are  not  taken.  With  richer  ores,  especially  when  the  values 
are  very  unevenly  distributed,  it  would  be  best  to  take  not  less 
than  ^,  and  take  a  slice  out  of  the  stream  not  less  than  once 
every  1  or  2  seconds. 

As  to  cleaning  the  sampling-machinery,  the  boot  of  the  ele- 
vator and  sometimes  the  spouts  need  it.  The  sampling-ma- 
chine cleans  itself. 

When  small  lots  of  ore  are  to  be  sampled,  especially  if  they 
are  rich,  the  method  of  "  coning  and  quartering,"  sanctified 
by  long  usage,  is  employed.  Assuming  that  the  greatest  care 
is  taken  to  keep  the  apex  always  vertically  above  the  point  of 
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its  first  beginning,  to  have  the  distribution  as  nearly  regular  as 
possible,  and  to  do  the  quartering  by  sheet-metal  plates,  so 
that,  when  a  quarter  is  removed,  the  coarse  pieces  from  the 
adjoining  quarters  do  not  fall  upon  the  ore  that  is  being  re- 
moved, the  result  is  still  not  always  perfectly  satisfactory.  If 
the  cutting-down  is  done  by  taking  every  alternate  shovel  for 
the  sample,  reducing  the  pile  formed  by  these  in  the  same  way, 
a  closer  sample  is  the  result,  with  one-third  to  one-fourth  the 
amount  of  labor.  In  this  way  ore  is  treated  as  a  stream  from 
which  a  foot  is  taken,  and  the  next  foot  rejected.  If  the  pile 
contains  4  tons,  and  a  shovelful  weighs  10  pounds,  as  might  be 
the  case  with  heavy  ore,  800  cuts  are  taken.  This  sample 
must  certainly  be  closer  than  when,  in  quartering,  only  4  cuts 
are  made,  for  the  supposed  mixing  due  to  coning  cannot  pos- 
sibly compensate  for  the  error  due  to  so  few  cuts.  The  sam- 
pling of  small  lots,  or  the  cutting-down  of  the  samples  from 
the  main  automatic  sampler,  can  be  done  by  one  man,  if  he 
has  a  small  platform-hoist  at  his  disposal.  He  would  hoist  the 
ore  in  a  car,  or  in  suitable  cans  on  wheels,  and  dump  it  over  a 
good  divider.  From  this  the  ore  would  fall  into  similar  cars 
or  cans,  and  the  operation  would  be  repeated  until  the  required 
reduction  was  obtained.  There  would  be  no  sweeping-up  or 
shoveling.  When  it  became  necessary  to  crush  the  ore  finer, 
the  same  hoist  would  serve  to  raise  it  so  that  it  could  be 
dumped  into  the  hopper  over  the  feeding-shoe  of  the  sampling- 
rolls.  The  crushed  ore  from  the  latter  would  be  received  in  a 
pan  on  wheels  or  a  car.  There  would  be  no  feeding-arrange- 
ment for  rolls,  consisting  of  a  man  shaking  a  shovel.  Thus, 
one  man  could  do  the  work  of  at  least  eight,  and  more  satis- 
factorily. The  sampling-rolls  should  be  very  strong,  so  as  to 
crush.  I  recently  saw  a  pair,  20  by  12  inches,  that  could 
safely  be  set  for  a  pressure  of  20  to  25  tons  between  the  rolls. 

Mr.  Austin  (page  397)  speaks  of  the  water-jackets,  whether 
of  cast>iron  or  wrought-iron,  as  unsatisfactory.  The  life  of  a 
cast-iron  water-jacket,  if  made  of  the  best  iron,  cast  in  dry 
sand,  is  three  years  and  upwards.  According  to  the  repairs 
during  the  past  year,  the  average  life  of  a  jacket  in  one  of  the 
smelting-works  of  Denver  is  more  nearly  ten  years.  The  loss 
of  first-class  cast  jackets  is  now  almost  always  the  consequence 
of  carelessness  on  the  part  of  the   attendant.     The  cost  per 
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pound  is  3  cents,  niakinij:  the  cost  of  a  jacket,  20  inclios  wide 
and  weigliino-  450  pounds,  $13.50.  If  made  of  slieet-inetal, 
its  weight  is  ahout  half  as  great;  l)ut  it  costs  about  three  times 
as  much  if  20  inches  wide,  and  fully  twice  as  much  if  each  side 
of  the  furnace  is  made  of  two  jackets.  I  myself  know  but 
two  works  where  steel  jackets  were  used.  In  one  of  these, 
each  side  of  the  furnace  consisted  of  one  jacket.  They  ga\'e  a 
good  deal  of  trouble  in  the  beginning,  due,  to  some  extent,  to 
the  lack  of  skill  on  the  part  of  the  maker.  In  the  other 
works,  each  side  was  formed  by  two  jackets.  These  were  very 
well  made  and  carefully  handled  ;  but  within  four  years  some 
of  them  had  to  be  patched,  increasing  very  much  the  liability 
to  burn  out  or  become  leaky.  In  1881  or  1882  three  or  four 
months  were  considered  a  good  life  for  a  cast-iron  jacket.  They 
were  then  cast  in  green  sand,  and  cost  about  7  cents  [i  pound  in 
Leadville.  Some  economical  metallurgist  beat  the  foundry  down 
^  cent  per  pound,  and  reduced  the  quality  in  consequence. 
Poorer  iron  was  used ;  and  the  jackets  lasted,  at  most,  six  weeks. 
At  certain  works  in  Colorado,  as  recently  as  four  or  five  years 
ago,  cast  jackets  made  in  green  sand  by  men  who  evidently 
didn't  know  how,  broke,  when  the  furnace  was  blown  in,  before 
it  was  half  full ;  and  none  of  them  lasted  over  a  week  or  two. 
Hence  the  growth  of  feeling  in  favor  of  the  wrought  jacket. 
The  life  of  a  well-made  cast  jacket,  its  low  cost  and  the  ease 
with  wdiich  it  can  be  replaced,  hardly  justify  Mr.  Austin's  ex- 
pression. 

Air-Leaks.  (Page  398). — The  principal  loss  is  probably  through 
the  infinite  number  of  fine  holes  in  the  canvas  sacks  or  hose. 
They  can  be  made  air-tight  by  coating  the  inside  with  a  thin 
covering  of  glycerine  glue,  which  remains  pliable  like  rubber. 

Blowers.  (Page  398). — I  think  Mr.  Austin  will  find  that  the 
cost  of  a  cylinder-blower  is  but  20  to  25  per  cent,  greater 
than  that  of  a  rotary  pressure-blower  and  engine  to  drive  it, 
the  two  having  the  same  capacity  according  to  the  catalogues. 
The  capacity  of  the  latter  is  given  as  the  displacement  of  the 
impellers  without  allowance  for  back-leak  or  slip.  "With  pres- 
sures from  1  to  2  pounds,  this  slip  becomes  very  great;  and 
it  is  probable  that  for  the  same  actual  capacity  at  2  pounds 
pressure  the  cylinder-blower  will  cost  no  more,  if  as  much,  as 
the  rotary. 
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FAULTING   IN    GLACIAL    GRAVEL. 


Faulting  in  Glacial  Gravel. 

Discussion  of  the  Paper  of  Mr.  Carl  Henricli  (see  p.  460). 
(Colorado  Meeting,  September,  1896.) 

W.  S.  Gresley,  Erie,  Pa. :  Mr.  Henrich's  Fig.  1  and  reference 
thereto  remind  me  of  a  section  of  sand,  gravel,  clay,  etc.,  which 
I  sketched  near  Hellesylt  on  Stor  Fjord,  l^orway,  some  years  ago. 


GRAY,   STRIPED,  ANGULAR  BLOCKS  OF  8AN0. 


ROUNDED  AND  8UB-ANCULAR  BOULDERS  AND  PEBBLES  OF  GRANITIC  ROCKS. 


Vertical  Section  of  Glacial  Morainic  Material,  containing  Angular  Masses  of 
Banded  Sand.  Observed  June  29,  1887,  about  1^  English  miles  south  of  Hellesylt, 
at  head  of  Stor  Fjord,  near  Aalesund,  Norway. 

The  accompanying  figure  reproduces  my  sketch.  It  was  the  an- 
gular and  tilted  hlocks  o^  sand  in  this  glacial  debris,  or  moraine, 
that  ]>articularly  attracted  my  notice.  The  sand  was  moist; 
and  I  could  only  account  for  the  i)henomenon  of  hloclcs  of  sand 
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embedded  in  a  heterogeneous  mass  of  boulders,  pebbles,  elay, 
etc.,  by  supposing:  that  the  bed  of  sand  which  furnished  the 
blocks  of  it  in  the  moraine  was  frozen  solid  at  the  time  the 
fragments  were  broken  oti'  it,  transported  and  buried  in  the 
g-eneral  dehris.  The  idea  that  the  masses  of  sand  had  once 
been  sandstone,  and  in  that  condition  had  been  broken  and 
dumped  and  Iniried  in  the  nnu-ainie  material,  could  not  l)e 
entertained,  because  tliere  is  probably  no  sandstone  in  tiie  dis- 
trict, but  there  was  a  good  deal  of  the  same  sand  in  natural 
position  which  I  observed  within  a  few  rods  of  the  section. 
Since  then  I  have  seen  near  Blossburg  in  Tioga  county,  Pa., 
a  section  of  coarse  gravel  about  30  feet  high,  through  which 
from  top  to  bottom  (as  far  as  the  exposure  went)  ran  a  nearly 
vertical  vein  of  tine  yellow  sand.  In  this  case,  also,  it  occurred 
to  me  that  the  gravel-bed  was  probably  in  a  frozen  condition 
at  the  time  it  became  split  open  and  received  the  vein  of  sand. 
May  not  the  faults  in  Mr.  Henrich's  "Kelly's  Sand-  and 
Gravel-Cut "  have  been  produced  by  pressure  upon  the  beds 
when  frozen  hard,  and  therefore,  presuma])ly,  in  a  tit  condition 
for  breakao;e  and  dislocation  as  observed  ? 


The  Occurrence  and  Behavior  of  Tellurium  in  Gold-Ores, 

More  Particularly  With  Reference  to  the  Potsdam 

Ores  of  the  Black  Hills,  South  Dakota. 

Discussion  of  the  Paper  of  Mr.  Frank  denies  Smith  (see  p.  48o). 
(Colorado  Meeting,  September,  1896.) 

Walter  P.  Jenney,  Papid  City,  S.  Dak. :  This  paper  is  the 
first  publication,  I  believe,  of  the  fact  that  traces,  up  to  two  or 
three  ounces  to  the  ton,  of  tellurium  have  been  found  in  the 
gold  ores  of  the  Black  Hills  occurring  in  the  Potsdam  forma- 
tion. 

There  are  two  great  classes  of  ore-deposits  in  the  Black  Hills. 
First,  the  gold-ores  in  the  Archrean,  of  which  the  great  Home- 
stake  lode,  extending  from  Lead  City  to  Central,  in  the  nortli- 
west  section  of  the  Hills,  may  be  taken  as  a  type ;  second,  the 
refractorv   i;:old-ores  found   in  the  Potsdam  sandstone   over  a 
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great  area  surrounding  Terry's  Peak  and  Bald  Mountain,  about 
8  miles  southwesterly  from  the  city  of  Deadwood.  These  re- 
fractory ores  are  peculiar  in  that  the  rock  is  slightly  mineral- 
ized Potsdam  sandstone.  In  the  unoxidized  portions  small 
quantities  of  iron  pyrites  occur  disseminated  in  minute  par- 
ticles through  the  rock.  In  the  oxidized  portions,  all  the  iron, 
appears  to  occur  in  the  form  of  peroxide.  Strangely  enough, 
there  has  been,  until  this  time,  no  evidence  whatever  as  to  what 
form  the  gold  occurs  in.  We  have  never  been  able  to  find  a 
piece  of  ore  so  rich  that,  under  the  microscope,  the  mineral 
form  in  which  the  gold  occurred  could  be  determined.  All 
that  was  known  was  that  the  very  richest  ores  contained  from 
22  to  27  per  cent,  of  their  gold  free,  so  that  it  could  be  separated 
in  the  form  of  a  fine,  brownish  powder  on  panning.  This  free 
gold  will  amalgamate ;  but  the  greater  portion  of  the  gold  con- 
tained in  the  ore  resists  amalgamation  even  when  carried  out  in 
steam-heated  pans.  The  discovery  is  announced  in  this  paper 
of  a  small  percentage  of  tellurium  in  these  refractory  ores,  so 
that  it  is  not  improbable  that  the  gold  may  occur  in  some  form 
of  telluride,  though  we  have  not  as  yet  been  able  to  obtain  the 
gold-bearing  mineral  sufficiently  pure,  so  that  it  might  be  sub- 
jected to  analysis  and  the  true  mineral  composition  determined. 

The  district  is  very  important  from  a  mining  standpoint. 
Last  year,  including  the  production  from  the  Homestake  lode, 
the  northeast  section  of  the  Black  Hills  produced  more  than 
four  million  dollars  in  gold,  and  about  one  hundred  and  sixty 
thousand  ounces  of  silver.  This  year,  owing  to  the  extending 
of  the  work  of  prospecting  on  the  refractory  belt,  and  the  en- 
largement of  the  Homestake  mills,  the  production  of  the  dis- 
trict will  probably  exceed  five  million  dollars;  so  that  this 
region  in  the  future  promises  to  contend  for  first  or  second 
place  with  Cripple  Creek  in  the  production  of  gold  in  the 
United  States.  It  has  this  great  advantage  :  the  area  has  two 
undetermined  boundaries,  on  the  south  and  on  the  west. 

The  Potsdam  formation,  still  carrying  workable  bodies  of  re- 
fractor}^ gold-ore,  dips  under  Carl)oniferous  limestone,  forming 
the  main  divide  of  the  Black  Hills.  The  dip  is  very  shallow, 
frequently  not  more  than  20  feet  to  the  mile,  but  in  some  in- 
stances as  much  as  160  feet  to  the  mile,  so  that  it  is  practicable 
to  follow  these  ore-deposits  underneath  the  limestone  by  shafts 
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sunk  tliroiig-h  the  overlN-ing  formation.  As  at  present  explored, 
the  district  measures  about  8  miles  northerly  and  southerly  by 
6  miles  easterly  and  westerly,  in  its  greatest  extension. 

These  refractory  ore-deposits  in  the  Potsdam  are  all  fissure- 
formed  ;  that  is,  the  ore  has  been  introduced  through  a  vertical 
fissure,  traversing  the  nearly  horizontal  layers  of  the  sandstone, 
and  has  been  deposited  on  one  or  both  sides  of  the  fissure  in 
certain  favorable  layers  of  the  rock. 

It  is  a  district  well  worthy  of  the  attention  of  the  Institute 
and  should  be  brought  to  the  attention  of  the  United  States 
Geological  Survey,  that  the  formation  and  peculiar  occurrence 
of  these  ore-deposits  may  be  carefully  worked  out.  It  is  a  dis- 
trict of  which  very  little  is  known,  and  its  study  cannot  fail  to 
yield  a  great  deal  of  information  regarding  the  formation  of 
ore-bodies,  especially  that  class  of  ore-bodies  in  which  the  ore, 
introduced  into  the  rocks  through  fissures,  lies  almost  wholly 
outside  of  the  walls  of  the  crevices  by  which  it  entered. 

I  have  not  made  a  special  investigation  of  the  action  of  tellu- 
rium in  the  assay  of  gold-ores,  but  it  is  not  improbable  that  the 
losses  in  assay  resulting  from  the  presence  of  tellurium  may  be 
analogous  to  those  produced  in  silver-ores  where  large  quan- 
tities of  antimony  are  present  in  the  sample.  In  investigating 
the  rich  antimonial  silver-ores  of  the  Wood  River  district, 
Idaho,  it  was  discovered  that  the  losses  due  to  antimony  could 
be  entirely  prevented  by  the  use  of  an  oxidizing  charge,  so  that 
all  the  antimony  passed  into  the  slag  and  the  button  resulting 
was  pure  lead,  containing  practically  all  the  silver  contained  in 
the  ore.  This  was  effected  by  taking  an  extremely  small  charge 
of  ore, — from  one-twentieth  to  one  one-hundredth  of  an  assay- 
ton  ;  the  latter  being  the  charge  for  ores  carrying  2000  ounces 
of  silver  per  ton.  Crucible-assays  alone  were  made  ;  the  charge 
containing  a  great  excess  of  litharge  with  the  addition  of  from 
2  to  5  grammes  of  niter,  so  that  the  resulting  button  would  weigh 
from  5  to  10  grammes.  The  lead  buttons,  readily  separated 
from  the  slag,  were  bright,  soft  and  malleable,  and  on  cupella- 
tion  gave  results  which  closely  checked.  It  certainly  would  be 
worth  while  to  experiment  on  the  assay  of  tellurium-ores  in  this 
way ;  that  is,  to  make  an  oxidizing  charge,  so  as  to  keep  the 
tellurium  out  of  the  button,  fluxing  it  all  into  the  slag,  and  thus 
obtaining  a  button  of  pure  lead,  carrying  the  gold,  which  could 
be  cupelled  with  the  least  possible  loss. 
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H.  Van  F.  Furman,  Denver,  Colo. :  Dr.  Jeiiney  is  in  error 
when  he  says  that  this  paper  is  the  first  pubhcation  of  the  dis- 
covery of  tehurium  in  the  Potsdam  ores  of  the  Bhxck  Hills ; 
and  perhaps  he  has  been  misled  by  the  omission  of  Mr.  Smith 
to  mention  clearly  the  circumstances  of  that  discovery.  The 
paper,  however,  docs  allude  (though  without  giving  dates)  to 
a  prior  publication  by  Mr.  Richard  Pearce,  in  a  paper  on 
"  The  Occurrence  of  Tellurium  in  Oxidized  Form  Associated 
with  Gold,"  read  April  1,  1895,  before  the  Colorado  Scientific 
Society,  at  Denver.  It  appears  from  that  paper  that  Mr.  Smith 
himself  sent  to  Mr.  Pearce,  "  for  the  purpose  of  determining 
to  what  extent  the  mineral  could  be  roasted  preliminary  to 
chlorination,"  the  samples  in  which  tellurium  was  detected,  and 
that  he  afterwards  forwarded,  at  Mr.  Pearce's  suggestion,  picked 
specimens  of  the  blue  and  red  varieties,  for  the  quantitative 
determination  of  the  tellurium  existing  unoxidized  in  the  former 
and  oxidized  in  the  latter.  Some  of  these  specimens  are  now 
in  the  mineral  collection  of  the  Colorado  Scientific  Society. 
Chemical  analysis  demonstrated  the  presence  of  tellurium  in 
both  varieties,  while  careful  vanning  failed  to  show  the  presence 
of  free  gold.  Mr.  Pearce  ventured  the  opinion  that  the  gold- 
bearing  rock  was  an  altered  phonolite,  and  called  attention  to 
the  analogy  between  these  ores  and  those  of  the  Cripple  Creek 
district  in  Colorado.  He  gave  also  the  results  of  some  experi- 
ments in  roasting  telluride-ores.  The  amount  of  tellurium  lost 
in  roasting  was  small  in  each  case,  but  this  loss  was  greatest 
when  pyrites  was  present.  The  tellurium  remained  behind  in 
the  form  of  TeO,,  either  free  or  combined  with  ferric  oxide. 
These  experiments  led  Mr.  Pearce  to  the  conclusion  that  the 
volatilization  of  tellurium  and  accompanying  loss  of  gold  in 
such  roasting  were  not  so  great  as  had  been  supposed. 

In  his  Presidential  Address  of  February,  1890,*  Mr.  Pearce 
pointed  out  the  occurrence  of  tellurium  in  the  ores  of  Gil- 
pin county  and  of  Leadville.  In  a  later  communication  to  the 
Colorado  Scientific  Society,  he  reports  its  occurrence  in  the  ore 
of  the  Mayflower  mine,  Butte,  Montana. 

With  regard  to  the  assay  of  these  telluride-ores,  Mr.  Smith 
says,  in  the  flrst  place,  that  he  pulverized  them,  and  passed 
them  throuii-h  a  60-mesh  screen.     Now  all  of  us  here  in  Colo- 


*  TmriA,  xviii.,  447. 
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rado  who  have  had  anything  to  do  with  the  assay  of  tellnrium- 
ores  (and  we  have  had  a  good  deal  in  the  last  3  or  4  years), 
know  that  a  sample  crushed  through  a  60-mesh  screen  cannot 
represent  the  ore  from  which  it  was  taken.  I  think  many  of 
the  ditferences  in  assay  that  Mr.  Smith  records  may  be  due  to 
the  fact  that  the  pulp-sample  for  assay  was  not  sufficiently  pul- 
verized. The  practice  in  Colorado,  at  the  present  time,  is  to 
pass  all  pulp-samples  of  high-grade  ores,  and  especially  of  tel- 
lurium-ores, through  at  least  a  100-mesh  sieve;  and  I  think 
many  of  the  smelters  and  sampling-works  now-a-days  use  a  120- 
mcvsh,  which  is  certainly  a  step  in  the  right  direction. 

Mr.  Brunton's  paper,*  read  at  the  Atlanta  meeting  of  the 
Institute,  October,  1895,  calls  attention  to  this  matter,  and  proves 
conclusively  by  mathematical  analysis  the  necessity  of  finely 
pulverizing  these  ores.  This  applies  not  only  to  the  final  pulp- 
sample  taken  for  assay,  but  often  to  the  whole  original  sample 
before  quartering.  At  many  of  our  smelting-works  it  has  been 
found,  in  the  case  of  tellurium-ores  like  those  of  Cripple  Creek, 
where  the  gold  is  intimately  associated  with  the  andesitic  or 
other  gangue,  forming  a  mass  fav  from  uniform  in  composition, 
that  it  is  necessary  to  crush  the  whole  sample  of  ore  fine  before 
the  small  sample  is  finally  cut  out.  I  believe  that  many  of  our 
smelters  now  crush  those  ores  to  a  quarter-mesh,  at  least,  before 
they  attempt  to  sample  them.  Again,  the  majority  of  our 
works,  I  believe,  have  come  to  the  conclusion  that  the  best 
method  is  by  coning  and  quartering,  or  hand-sampling. 

As  Mr.  Jenney  has  said,  the  use  of  a  large  amount  of  litharge 
in  the  assay  of  these  ores  is  absolutely  essential.  I  regard  these 
tellurium-ores  as  really  the  easiest  gold-ores  to  assay  that  we 
have  in  Colorado.  There  should  be  no  trouble  in  assaying  tel- 
lurides.  It  is  a  simple  matter,  either  by  scorification  or  by  cru- 
cible. There  are  two  points  to  be  observed  in  crucible-assays : 
there  must  be  a  large  excess  of  litharge  present,  and  the  cruci- 
ble should  be  introduced  with  the  furnace  at  a  low  teinpt'rature, 
and  the  furnace  gradually  heated  up.  It  will  not  do  to  put 
these  ores  into  the  furnace  at  a  very  high  temperature.  My 
own  experience  is,  that  the  fusion  of  ordinary  ores  should  re- 
quire about  20  minutes,  while  these  ores  should  require  for 
fusion  about  30  minutes.     There  is  no  difficulty  in  the  scorifi- 

*  Tram.,  xxv.,  8-26. 
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catiou-assay.  The  only  point  to  be  observed  is  to  add  a  little 
litharge  (generally  10  or  15  grammes),  either  mixed  with  the 
ore  or  as  a  cover,  and  then  start  scorification  at  a  very  low 
temperature,  and  gradually  bring  the  muffle  up  to  a  high 
heat.  I  think  that  is  the  whole  secret  of  the  assay  of  these 
ores. 

Some  time  ago  I  made  a  large  number  of  experiments  on  the 
assay  of  some  very  rich  telluride-ores  in  the  Independence  mine 
at  Cripple  Creek.  I  had  several  different  samples,  running  all 
the  way  from  9  to  39  ounces  of  gold  to  the  ton.  When  I  re- 
ceived these  samples  I  carefully  divided  them,  and  sent  one-half 
of  each  sample  to  a  chemist  in  the  east,  and  asked  him  to  deter- 
mine the  gold  by  chemical  analysis,  and,  in  the  meantime,  I 
went  to  work  and  assayed  the  ores  by  both  the  ordinary  cruci- 
ble- and  the  scoriiication-assay.  There  was  scarcely  any  differ- 
ence between  the  results  as  obtained  by  chemical  analysis  and 
my  results  by  fire-assay.  The  average  of  all  my  results  was  a 
trifle  higher  in  gold  than  the  chemical  analysis  showed,  which 
might  fairly  be  attributed  to  the  small  amount  of  silver  left  in 
the  assay  after  parting. 


Concentration  of  Ores  in  the  Butte  District. 

Discussion  of  the  Paper  of  Mr.  C.  W.  Goodale  (see  p.  599). 
(Colorado  Meeting,  September,  1896.) 

HoBERT  H.  Richards,  Boston,  Mass. :  Mr.  Goodale  calls  at- 
tention to  the  difficulty  of  obtaining  clean  tailings  from  the  jigs 
which  are  fed  by  the  spigots  of  the  hydraulic  separator.  This 
difficulty  is  universally  encountered.  The  Lake  Superior  cop- 
per mills  practically  overcome  it  by  running  the  beds  of  those 
jigs  loose,  carrying  into  the  hutch  all  of  the  available  copper 
and  some  sand.  These  hutches  are  again  jigged  upon  three- 
sieve  Collom  jigs,  where  the  treatment  is  very  slow  and  gentle; 
and  on  the  successive  jigs  lighter  and  lighter  bedding  is  used. 
The  last  sieve  is  run  thin  enough  to  let  some  sand  into  the 
hutch.  With  these  precautions  most  of  the  free  copper  is  ex- 
tracted, as  well  as  a  fair  proportion  of  the  included  copper. 
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In  comparing  the  vanner  and  the  conical  slinie-tablc,  Mr. 
Gooclale  does  not  tell  us  how  the  latter  was  fed.  No  table  can 
compete  with  a  vanner  unless  it  is  fed  with  water-sorted  mate- 
rial, in  which  the  particles  of  ore  are  smaller  than  those  of  the 
quartz  Avith  which  it  is  mixed.  I  have  on  several  occasions 
heard  the  table  condemned,  and  upon  questioning  I  found  that 
the  whole  puli)  from  a  stamp-mill  was  sent  to  it  witliout  any 
classification.  The  table  was  asked  to  do  work  for  which  none 
of  its  best  friends  would  advise  its  use.  Perhaps  Mr.  Goodale 
has  looked  out  for  this.  If  so,  the  result  is  certainly  very  sur- 
prising. 

The  sizing  and  assaying  of  the  vanner-tailings  are  very  in- 
teresting and  suggestive.  The  coarser  sizes  run  high,  pre- 
sumably from  included  grains ;  the  finer  run  high  from  free 
ore,  a  portion  only  of  which  the  vanner  can  save^a  much 
larger  proportion  of  which  one  would  expect  the  table  to  save, 
if  Mr.  Goodale's  samples  were  taken  from  the  whole  launder 
periodically  for  the  whole  twenty-four  hours,  then  his  results 
must  be  final  for  the  ore  in  question;  but  if  the  sample  was 
taken  with  a  hand-dipper  from  under  the  tail-roll  of  the  van- 
ner, and  only  during  the  day,  then  it  is  quite  proper  to  question 
whether  he  has  proved  that  a  guarding-machine,  like  a  table, 
will  not  pay  for  itself. 

Another  way  to  come  at  the  question  is  to  put  the  unclassed 
or  unsorted  pulp  directly  upon  a  table,  and  take  out  the  fines 
and  send  the  tailings  from  this  treatment  to  the  vanners. 

Mr.  Goodale's  tests  show  the  edges  of  the  vanner  to  be  de- 
cidedly richer  than  the  middle  part.  This  is  an  important 
point  proved,  and  one  on  which  the  designers  of  new  vanners 
should  keep  watch.  For  example,  the  Tulloch  concentrator 
has  to  the  eye  killed  the  banks  of  the  Frue,  but  what  it  has 
saved  in  that  way  it  has  more  or  less  lost  by  the  quick  current 
on  the  edges.  I  have  found  that  the  edges  invariably  show  on 
the  vanning-shovel  more  ore  than  the  center. 

Mr.  Goodale's  test  of  vanner-treatment  of  a  series  of  hy- 
draulic-classifier spigots  on  successive  vanners  is  very  interest- 
ing and  suggestive.  May  it  not  be  possible  that  if,  after  giving 
the  earlier  coarser  spigots  to  the  successive  vanners,  he  had 
o-iven  the  latter  to  suitable  slime-tables  or  blanket-tables,  he 
would  have  obtained  a  more  perfect  result  i 

VOL.  XXVI.— 71 
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Mr.  Goodale  :  Referring  to  the  points  raised  by  Prof.  Rich- 
ards, I  would  say : 

1.  Finishing- Jigs  for  the  Hutch  from  First  Jigging  of  Water-Sized 
Material. — It  will  be  seen  from  the  description  of  the  Anaconda 
and  of  the  Butte  Reduction  Works  mills,  which  were  designed 
on  the  lines  of  Lake  Superior  ore-dressing,  that  the  hutch  from 
the  jigs  working  on  the  finer  classes  from  the  hydraulic  sizers 
is  rejigged  or  finished,  and  this  would  seem  to  be  a  practice 
Avhich  should  commend  itself  to  the  other  mills  of  Butte. 

It  is  doubtful,  however,  if  this  treatment  would  work  as  well 
on  the  Butte  ores  as  on  those  of  Lake  Superior,  since  it  would 
be  almost  impossible  to  draw  down  into  the  hutch  the  finest 
and  best  portion  of  the  jigged  material.  Comparing  the  gangue 
of  the  ores  in  the  two  districts,  there  is  probably  very  little 
difference  in  the  specific  gravity ;  but  in  Lake  Superior  ore- 
dressing  the  mineral  to  be  saved  has  a  uniform  gravity  of  8.8, 
while  in  the  concentrating-operations  of  Butte  the  silver-  and 
copper-bearing  minerals  range  from  zinc-blende  (about  4), 
through  chalcopyrite,  enargite,  bornite,  to  copper-glance  (5.5 
to  5.8),  the  heaviest  mineral  in  the  mixture. 

By  referring  to  the  sifting-tests  on  jig-tailings  it  will  be  seen 
that  from  8  to  10  per  cent,  is  fine  enough  to  pass  through  an  80- 
mesh  sieve,  and  if  water  enough  is  used  on  the  jig  to  carry  away 
the  quartz-sand,  some,  at  least,  of  this  rich  ore  will  go  with  it. 

2.  Frue  Vanners  versus  Conical  Slime- Tables. — In  the  compari- 
son between  the  two  machines  in  Part  I.  of  this  paper,  they  were 
furnished  with  the  same  class  of  material,  and  were  running 
side  by  side  in  the  same  mill ;  but  in  the  test  recorded  in  Part 
II.  the  vanner-work  in  the  Colorado  concentrator  was  compared 
with  the  table-results  in  the  Butte  Reduction  Works,  the  ore 
received  by  the  two  mills  being  from  the  same  mine  and  of  the 
same  character  and  assay.  The  ore  going  upon  the  tables  was 
classified,  as  shown  in  the  description  of  the  Butte  Reduction 
Works. 

3.  Method  of  Sampling  Vanner-Tailings. — The  tailings-samples 
from  a  lot  of  3400  tons  of  ore,  referred  to  as  having  been  tested 
by  Mr.  Pcarce  for  the  purpose  of  determining  whether  it  would 
be  profitable  to  attempt  to  re-treat  such  material,  were  taken 
from  the  whole  launder  periodically  during  the  time  required 
to  run  this  lot  throusjh  the  mill. 
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A  giiardiiig-macliine,  as  a  follower  for  a  vanner,  would  doubt- 
less play  an  important  part  in  mill-work  where  the  valual)le 
minerals  escaping  are  of  high  grade.  In  the  California  gold- 
mills,  for  instance,  it  has  been  found  profitable  to  work  the 
vanner-tailings  on  canvas  ta])les,  but  in  this  case  the  "  catch  " 
contains  material  of  much  higher  grade  than  the  minerals 
which  escape  from  vanners  treating  Butte  ores. 

4.  "  Banks  "  on  Vanner-BeUs. — An  effort  was  made  in  one  of 
the  Butte  mills  to  prevent  the  drifting  of  sand  to  the  edges  of 
the  vanner-belt  by  suspending  detiectors  madc^of  thin  Avood, 
shod  with  ru])bcr,  from  the  frames  of  the  machine  at  points 
where  the  accumulation  of  pulp  was  greatest.  Tliis  device  was 
patented,  but  it  failetl  to  accomplisli  the  desired  results. 

Referring  to  the  Tulloch  concentrator,  and  its  loss  by  (juick 
currents  on  the  edges  of  what  it  gains  by  preventing  the  fbr- 
nuition  of  "  banks,"  I  would  say  that  the  work  of  the  Tulloch 
and  Frue  has  been  compared  in  a  Butte  mill  which  treats  cus- 
tom-ores, and  the  results  were  in  all  eases  in  favor  of  the  Frue. 
On  seven  lots  the  tailings  from  the  Tulloch  contained  0.3  ounce 
silver  and  0.3  per  cent,  copper  more  than  those  from  the  Frue, 
the  "  feed  "  of  the  two  machines  being  the  same  in  quality  and 
quantity. 

The  adjustments  of  the  two  machines  were  as  follows : 


Vanners. 

Tullochs. 

Eevolutions  per  minute,  . 

.     196 

160 

Grade  of  belt,  . 

^  in,  in  12  ft. 

3i  in.  in 

12  ft. 

Belt-travel  per  minute. 

40  in. 

40  in. 

John  Carkeek,  Butte,  Mont, :  Mr,  Goodale  calls  attention  to 
losses  unaccounted  for  on  a  lot  of  Parrot  ore  worked.  This  is 
no  unusual  occurrence,  and  is  due  to  the  fact  that  the  methods 
of  sampling  tailings  are  not  always  careful  and  thorough.  I 
think  that  perhaps  if  a  sample  were  properly  taken  from  the 
tail-race,  say  every  hour  during  the  run,  a  good  deal  of  this 
loss  would  be  accounted  for.  To  take  such  a  sample  the  whole 
stream  running  through  the  race,  water  and  tailings,  should  be 
diverted  into  a  tank  (not  allowing  it  to  overflow)  and  allowed 
to  settle  until  it  is  time  to  take  the  next  sample,  say  an  hour. 
Then  all  the  clean  water  should  be  drawn  off  through  plugs  or 
by  syphon,  and  the  tank  filled  from  the  tail-race  again  as  before, 
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this  being*  repeated  every  hour.  At  the  end  of  every  shift  the 
entire  contents  of  the  tank  shoukl  he  taken  as  a  sample  for 
assay,  after  either  filtering  or  evaporating  the  water.  The 
floating  material,  which  is  frequently  rejected  in  sampling  tail- 
ings, cannot  he  saved  with  the  present  apyjliances  in  Butte,  and 
I  doubt,  with  present  price  of  labor  and  difficulty  of  saving  it 
by  a  settling  system,  whether  it  would  pay  for  capital  invested ; 
but  in  determinino;  losses  in  tailings  it  should  be  included  in  the 
sampling. 

Mr.  Goodale  calls  attention  to  the  imperfections  of  the  hy- 
draulic separators,  and  the  consequent  loss  in  tailings  from  jigs 
fed  by  them.  I  have  used  a  good  many  kinds  of  separators, 
but  have  never  yet  found  a  perfect  one.  If  tailings  from  hy- 
draulic separator-jigs  are  vanned  on  a  vanning-shovel  they  will 
almost  invariably  show  a  very  good  "  edge  "  of  fine  ore,  which 
should  go  to  slime-machines ;  but  if  water  enough  is  used  in 
the  separators  to  send  this  to  slime-tanks  it  throws  over  the 
coarser  particles  of  silica  and  included  material,  which  are  too 
coarse  for  tables  or  vanners.  It  also  gives  an  excess  of  water 
to  slime-settling  tanks ;  and  here  a  difficulty  is  encountered  in 
the  overflow  from  these  tanks  which  carries  otf  in  the  current 
the  very  material  we  strive  to  save — that  is,  the  very  fine  par- 
ticles of  ore  that  will  float  if  water  is  excessively  used.  Pro- 
fessor Richards  in  his  remarks  describes  the  method  adopted 
by  the  Lake  Superior  mills  for  overcoming  the  losses  from  jigs 
handling  hydraulic-separator  products.  This  practice,  if  em- 
ployed on  Butte  ores,  would,  I  think,  result  in  a  greater  loss 
than  results  from  making  a  final  product  in  one  operation.  In 
the  Lake  Superior  ores  the  yield  in  concentrates  is  only  1  ton 
from  40  to  50  tons  of  crude  ore,  while  in  Butte  the  product  is  1 
from  2  or  3. 

It  very  frequently  occurs  that  50  per  cent,  of  the  weight  of 
the  crude  ore  is  sent  to  the  smelter  as  good  clean  concentrates, 
and  to  re-treat  this  amount  means  loss,  therefore  a  separation 
should  be  eftected  with  the  least  possible  handling.  By  using 
a  five-compartment  jig  a  good  clean  separation  can  be  made  on 
the  first  three  compartments ;  middlings  (which  would  be  for 
the  most  part  included  material  and  some  sand)  can  be  got  in 
the  hutch  of  the  last  two  compartments,  and  good  clean  tailings 
at  the  overflow,  the  middlings  to  be  recrushed  and  worked  over 
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jigs,  tables  and  vauucrs.  Very  good  work  ean  be  done  in  this 
way,  and  with  less  loss,  I  think,  than  if  the  whole  hutch-work 
were  subjected  to  the  second  treatment. 

The  "  sliming  "  of  Butte  copper-silver  ores  can  be  ol)viated 
to  a  great  extent  by  a  coarser  system  of  jigging,  that  is,  by  jig- 
ging everything  possible  after  it  goes  through  the  rock-breaker. 

During  the  last  two  years  I  have  obtained  very  satisfactory 
results  on  such  ores  by  jigging  material  that  passes  through  a 
2|-inch  round  hole  for  the  coarsest  size,  l|-inch  round  hole  for 
the  second  size,  -|-inch  round  hole  for  the  third  size  and  so  on 
down  to  21  millimeters  (see  description  of  Butte  and  Boston 
concentrator  in  Mr.  Goodale's  paper).  The  separation  and  jig- 
ging of  the  2|-  and  l|-inch  material,  before  crushing  in  rolls, 
has  the  effect  of  reducing  the  amount  of  fine  sulphides  which 
would  otherwise  pass  on  to  the  hydraulic  separators,  and  con- 
serpiently  the  loss  of  which  Mr.  Goodale  speaks  is  diminished. 
We  should  bear  in  mind,  however,  that  not  all  the  fines  and 
slimes  are  made  in  the  mills,  but  some  are  made  before  the  ore 
comes  to  the  mill,  and,  as  Mr.  Goodale  rightly  remarks,  not  all 
the  material  that  is  fine  enough  for  treatment  on  concentrat- 
ing-machines  passes  through  the  rolls  in  modern  Butte  mills. 

In  comparing  conical  tables  and  vanners,  if  Mr.  Goodale  had 
made  clean  concentrates,  a  fair  amount  of  middlings,  and  clean 
tailings,  on  the  table,  and  had  run  the  middlings  on  the  Frue 
vanners,  the  result,  perhaps,  might  have  been  difterent.  In  this 
way  I  think  the  conical  table  should  have  a  True  vanner  as  its 
guard. 

In  regard  to  the  classification  of  slimes  for  vanner-work  on 
Butte  ores,  I  find  that  by  settling  in  the  feed-tanks  classification 
is  efitected  to  a  certain  extent,  but  better  results  can  be  obtained 
by  feeding  coarse  and  fine  together  u})on  the  machines  than  l)y 
working  them  separately — providing,  as  Mr.  Goodale  says,  that 
no  material  goes  to  the  vanner  which  is  too  coarse  for  it  to 
handle  and  which  should  therefore  go  to  the  jigs. 

I  have  found  that  jigs  fed  by  hydraulic  separators  work  the 
same  way  on  Butte  ores,  and  have  frequently  had  to  feed  a 
little  coarser  material  in  them  to  keep  the  bed  soft  and  even ; 
if  it  accumulates  on  the  screen  I  use  the  side-discharge  fre- 
quently, or  skim  the  sieve  at  intervals  with  a  shovel. 

Bernard  MacDonald,  Butte,  Mont. :  Mr.   Goodale's  paper 
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contains  a  clear,  comprehensive  and  complete  description  of  its 
subject,  and  adds  to  the  literature  of  metallurgy  a  very  impor- 
tant chapter  in  which  the  perfection  and  imperfections  in  the 
processes  now  used  in  the  Butte  concentrators  are  described 
with  equal  impartiality.  No  one  can  fail  to  feel  that  the  data 
furnished  by  this  paper  have  been  secured  by  an  enormous 
amount  of  painstaking  labor,  and  that  it  is  an  absolutely  reli- 
able statement  of  the  results  obtained.  As  such,  it  affords  an 
excellent  opportunity  to  the  members  of  the  Institute  for  criti- 
cism of  the  methods  employed,  and  the  suggestion  of  such  im- 
provements as  appear  feasible. 

Under  the  heading  "  Classification  of  Slimes  for  Yanner 
Work,"  Mr.  Goodale  says  (p.  635) : 

"In  one  of  the  Butte  mills,  where  seven  Frue  vanners  were  in  use,  the  V- 
shaped  feed-tanks  were  arranged  so  as  to  classify  the  material  for  the  vanners,  and 
the  results  on  one  lot  of  silver  copper  ore  were  as  follows  : 

1.  Launder  carrying  all  slimes  from  mill  to  (2). 

2.  V-shaped  feed-tank  ;  settlings  to  (3)  ;  overflow  to  (4). 

3.  Four  Frue  vanners  ;  tailings,  1  ounce  silver  ;  1  per  cent,  copper. 

4.  V-shaped  feed-tank  ;  settlings  to  (5)  ;  overflow  to  (6). 

5.  No.  0  vanner ;  tailings,  0.64  ounce  silver  ;  0.9  per  cent,  copper. 

6.  V-shaped  feed-tank  ;  settlings  to  (7)  ;  overflow  to  (8). 

7.  No.  6  vanner  ;  tailings,  1  30  ounces  silver  ;  1.2  per  cent,  copper. 

8.  V-shaped  feed  tank  ;  settlings  to  (9) ;  overflow  to  (10). 

9.  No.  7  vanner ;  tailings,  4  ounces  silver  ;  2.7  per  cent,  copper. 

10.  Settling-tank  ;  settlings,  9.2  ounces  silver;  7.7  per  cent,  copper. 

"The  assays  of  tailings  given  above  will  show  how  difficult  it  is  to  save  the  fine 
sulphides,  and  it  is  the  opinion  of  Mr.  Pearce,  verified  by  practical  experience 
on  the  Butte  ores,  that  better  results  are  obtained  on  vanners  when  no  classifica- 
tion is  made,  provided  the  material  going  upon  the  machine  contains  no  grains  of 
mineral  too  large  for  the  vanner  to  handle  properly.  There  is  a  reason  for  this  in 
the  effect  which  larger  and  heavier  grains  of  material  would  have  in  entrapping 
the  finer  slimes  and  holding  them  down  to  the  surface  of  the  belt." 

The  opinion  of  Mr.  Pearce,  "  that  better  results  are  obtained 
on  vanners  when  no  classification  is  made,"  which  has  been 
verified,  according  to  Mr.  Goodale,  by  practical  experience  on 
the  Butte  ores,  surely  cannot  be  enunciated  as  a  proved  princi- 
ple in  the  concentration  of  slimes.  The  whole  theory  of  con- 
centration stands  against  it. 

The  results  obtained  by  the  seven  Frue  vanners  on  the  clas- 
sified slimes  rather  indicate  the  imperfection  of  the  methods 
used  than  condemn  the  system.  It  will  be  seen  from  the  quo- 
tation that  the  material  subjected  to  concentration  on  the  seven 
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Fruc  vanuors  was  first  nuule  into  four  classes  by  settling  in 
feed-tanks,  and  that  the  first  class  was  fed  to  four  of  the  van- 
ners,  and  each  of  the  three  subsequent  classes  was  fed  to  one 

vanner. 

Before  the  value  of  such  classification,  as  a  process  prelimi- 
nary to  vanner-concentration,  can  be  intelligently  considered, 
the  whole  amount  in  pounds  of  slimes  thus  classified,  the 
quantity  and  character  of  each  class  and  the  ratio  of  one  class 
to  the  other  should  be  given.  Without  this  information  it  can- 
not be  ascertained  for  the  purpose  of  discussion  whether  the 
duty  of  the  vanners  was  too  heavy  or  properly  proportioned, 
according  to  the  character  of  the  class  which  each  was  called 
upon  to  treat.  It  may  be  said,  however,  that  classification  by 
settling  in  a  feed-tank  is  a  very  primitive  and  imperfect  method, 
and  cannot  be  expected  to  give  satisfactory  results. 

It  would  also  be  necessary,  for  the  intelligent  discussion  of 
the  merits  or  demerits  of  classification,  to  have  a  detailed 
account  of  the  individual  adjustments,  and  also  the  assays  of 
the  feed  and  tails,  of  each  vanner  treating  a  different  class. 
If  due  consideration  were  not  given  to  these  particulars,  satis- 
factory or  intelligent  results  could  not  be  expected.  The  prin- 
ciple of  classification,  however,  should  not  be  condemned  where 
the  manipulations  necessary  for  the  best  results  have  been 
disregarded. 

Strange  as  it  may  seem,  the  most  important  adjustment  of 
vanners  working  on  classified  slimes  is  generally  disregarded.  I 
refer  to  the  revolution  of  the  crank-shaft  which  communicates 
the  side-shake  to  the  vanner.  This  is  a  mechanical  motion,  de- 
signed to  produce  on  the  vanner-belt  the  same  perfect  concen- 
tration as  is  realized  on  the  vanning-shovel.  Now,  everybody 
realizes  that  in  making  a  concentration-test  of  the  finest  slimes 
on  the  vanning-shovel  a  gentler  and  more  careful  motion  is 
necessary  than  in  making  a  test  of  the  coarsest  slimes.  Cor- 
roborating this  point,  Mr.  Goodale  says  that  Mr  Pearce,  after 
making  a  test  on  the  vanner-tailings  of  Gagnon  ore,  reported 
that  "  the  material  saved  was  very  light  and  required  careful 
handliu"-  on  the  vanning-shovel  to  collect."  Why  not  handle 
the  same  material  carefully  on  the  vanners  ? 

A  little  thought  will  convince  any  one  that  the  number  of 
side-shakes  that  would  be  proper  for  effecting  the  settlement 
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of  the  mineral  constituents  of  the  coarse  chassitieation  of  slimes 
on  the  vanner-belt,  which  is  aljout  200  per  minute,  would  be 
altogether  too  violent  for  producing  a  similar  eftect  on  the 
finest  classifications.  It  would,  instead,  produce  the  opposite 
eftect,  that  is,  keep  the  fine  slimes  in  such  agitation  that  the 
metallic  particles  would  be  held  in  suspension  and  could  not 
settle  on  the  vanner-belt  before  they  were  carried  over  the  tail- 
end  of  the  machine. 

As  the  motion  communicated  to  the  vannincc-shovel  is  crentler 
and  more  carefully  given  when  testing  fine  slimes,  so,  also, 
should  the  analogous  motion  in  the  vanner — the  side-shake — 
be  gentler  (slower)  when  concentrating  the  finest  slimes  than 
when  working  on  the  coarser  classifications. 

I  think  the  statement  "  that  better  results  are  obtained  on 
vanners  when  no  classification  is  made "  still  remains  to  be 
proved. 


Secretary's  !N"ote. — The  discussion  of  the  papers  of  Prof. 
Christy  and  others  on  the  "  Cyanide  Process,"  and  of  Mr. 
Sauveur's  paper  on  the  "  Microstructure  of  Steel,"  will  be 
printed  in  volume  xxvii. 
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Bismuth,  dianiagnetic  permeability  of,  352. 
Black  Hawk  smelting-works.  Gilpin  county,  Colo.,  841. 
Black  Hills,  S.  Dak. :  cyanide  process  at  chlorination-works  of,  710  et  seq. ;  occurrence 

of  tellurium  in  gold-ores  of  Potsdam  sandstone  of,  485,  1103. 
Blake,  William  P.:   Gold  in  Granite  and  Plutonic  Rocks  [xxxi],  290. 
Blast-furnace  gases:  action  of,  upon  various  iron-ores,  269,  1001 ;  analyses  of,  274. 
Blast-furnace  lining,  use  of  carbon-bricks  for,  185. 
Blast-furnace  practice,   effect  of  additions  of  titaniferous  to   phosphoric   iron-ores, 

144. 

Blast-furnace  product,  standard  physical  tests  for,  149. 

Blast-furnaces:  Pennsylvania:  Allegheny  county ;  Edgar  Thompson  [185] ;  Mercer 
county;  Spearman,  154;  Tennessee:  Washington  county;  EmbreviUe,  139;  Aus- 
tria :  Leoben ;  Donawitz,  185,  186. 

Blowpipe  and  amalgamation  assays  of  auriferous  ores  and  gravejs,  187. 

Blue  Bird  gold-  and  silver  mine,  Silverbow  county,  Mont.  [294,  599]. 

Blue  mountains,  Custer  county,  Colo.,  geology  of,  792. 

Blue  river,  Colo.,  placer-mining  on,  838. 

Bobtail  gold-mine,  Gilpin  county,  Colo.  [840]. 

Bonanza  gold-mine.  Baker  county,  Oregon,  ribbon-structure  at,  202,  208. 

Borroughs  gold-mine,  Gilpin  county,  Colo.  [840]. 

Boston  and  Colorado  Smelting  Company,  Denver,  Col.,  organization  of,  841;  visit  to 
works,  xxxvi. 

Boston  and  Montana  Cons.  Copper  and  Silver  Mining  Company,  Butte,  Mont.,  con- 
centration-works of,  39,  601;    plunger-jig  measurements  and  curves  taken  at, 

10  et  seq. 
Boulder  silver-mine,  Silver  Cliff  district,  Colo.  [80.3]. 
Braden,  William:  Notes  on  the  Handling  of  Slags  and  Mattes  at  Smelting-Works  tn  the 

Western  United  States  [xv'iW],  Z8. 
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Branxer,  John-  C.  :   The  Pho.«phnte- Deposits  of  Arkansas  [xxxii],  5S0. 

Brewer,  William  M.  :  Further  Notes  on  the  Ahihama  and  Georqia  Gold-Fields  [xxxi], 
464. 

Brodie  cyanide-works,  El  Paso  county,  Colo.,  visit  to  [xxxvi]. 

Broken  Hill,  Xew  South  Wales,  ore-deposits,  69. 

Bromine  in  cyanide  process,  740  et  seq. 

Brown  hematite  ores,  Va.,  magnetic  separation  of,  368. 

Brown,  Robert  Oilman:  Additions  to  the'  Power-Plant  of  the  Standard  Consolidated 
Mining  Company  [xxx],  319  (for  discussion,  see  "Electricity  in  Mining,"  1071); 
Note  on  a  Shaft-Fire  and  Its  Lesson  [xxxi],  315;  remarks  in  discussion:  of  elec- 
tricity in  mining.  1071,  1074;   of  Mr.  Rickard's  paper  on  vein-walls,  1053. 

Brown,  E.  G.,  and  Turner,  R.  C,  remarks  in  discussion  of  Mr.  Bayliss's  paper  on 
accumulation  of  amalgam  on  copper-plates,  1043. 

Brunton,  D.  W.,  remarks  in  discussion  of  electricity  in  mining,  1078. 

Brunton  sampling-works.  El  Paso  county,  Colo.,  visit  to  [xxxvi]. 

Buena  Vista  gold-mine,  Cripple  Creek  district.  Colo.,  578. 

Buffalo  Furnace  Company,  experiments  in  laboratory  of,  on  treatment  of  various 
iron-ores  in  the  blast-furnace,  269. 

Bull-Domingo  silver-mine,  Silver  Cliff  district,  Colo.:  discovery.  775;  form  of  ore- 
body,  796;  genesis  of  deposit,  793;  mineralogical  character  of  ore,  793  ;  mode  of 
occurrence  of  ore,  792. 

Bull  Hill  gold-mines,  Cripple  Creek  district,  Colo.,  57.3. 

Bunker  Hill  and  Sullivan  concentration-works,  Wardner,  Idaho,  plunger-jig  meas- 
urements and  curves  taken  at,  5,  10,22,  23. 

Burlington  silver-mine,  Butte  district.  Mont.,  analysis  and  mineral  composition  of 
ores,  606. 

Burns  gold-mine.  Cripple  Creek  district,  Colo.  [575]. 

Butte  and  Boston  Mining  Company,  Butte,  Mont.,  concentration  works  of  [600],  617; 
plunger-jig  measurements  and  curves  taken  at,  10,  16  et  seq. 

Butte  district  Mont.:  composition  of  ores,  639  ;  concentration  of  ores  in,  599,  1108. 

Butte  Reduction  Works,  Butte,  Mont.  [600],  613  [1110]. 

California,  gold-bearing  veins  traversing  crystalline  rocks  of,  293. 

California  gold-mine,  Gilpin   county,  Colo.  [1041];  vein  phenomena,  206;  visit  to 

[xxxvii]. 
California  Mining  and  Milling  Company,  Ltd.,  mine  and  stamp-mill  of,  Gilpin  county, 

Colo.,  1041. 
Calumet  and  Hecla  mill,  Houghton  county,  Mich.,  plunger-jig  measurements  and 

curves  taken  at,  11,  30,  31. 
Camerton  collieries,  Somersetshire,  England,  explosions  at,  109  et  seq. 
Camp  Bird  silver-ore,  Aspen,  Colo.:  analysis  of,  56;  result  of  roa.stiag  in  reverber- 

atory  fuinace,  60. 
Campbell,  Marius  R.  :  Rapid  Section-Work  in  Horizontal  Rocks  [xxxi],  293. 
Canada:  copper-deposits  of  New  Annan.  Nova  Scotia,  1051 ;  gold-ores  of  Rainy  River 

district,  853;   Kingston   School  of  Mining,   187;    Waverly  gold  district,   Nova 

Scotia,  lode-structure  of,  202. 
Canton  gold-mine,  Waipori,  Otago,  New  Zealand,  vein-walls  of,  212. 
Car-wheels:  specifications  of  Pennsylvania  R.  R.  Company  for  cast-iron,  1008;  tests 

of  mixtures  for,  1005. 
Carbo-allotropic  theory  of  hardening  steel,  891. 

Carbon:  atfinity  of  iron  for,  1000;  deposition  of,  from  various  iron-ores  in  the  blast- 
furnace, 1065  et  seq. ;  in  pig-iron,  1001. 
Carbon-bricks  in  the  blast-furnace,  185. 
Carbon  Lake  silver-mine.  Ouray  county,  Colo.,  842. 
Carbon-steels   (see  also  steel):  microstructural   composition  of  some  quenched,  879; 

theoretical  microstructural  composition  of  unliardened,  875. 
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Carbon  theory  of  liaidetiiiig  steel,  891,  892. 

Caribou  f^old-niiiio,  Boulder  couuty,  Colo.  [837]. 

Caribou  niiniiio;  district,  Boulder  county,  Colo.,  837. 

Caribou  siiver-lead-mine,  San  Miguel  county,  Colo.  [844]. 

C.\KKEKK,  John,  remarks  in  discussion  of  Mr.  Goodale's  paper  on  the  concentration 
of  ores  in  the  Butte  district,  Mont.,  1111. 

Caroline  Mining  Company,  Ouray,  Colo.,  use  of  electric  power  by,  410,  415. 

Carpkxter,  Prof.  R.  C,  remarks  in  discussion  of  physics  of  cast-ii"on,  1002. 

Cashier  gold-mine,  Breckenridge,  Colo.,  vein-walls  of,  216. 

Cast-iron  :  drilling  boles  in  test-bars,  102.5;  effect  of  phosphorus,  1001 ;  effect  of  sili- 
con, 1001:  influence  of  manganese,  1001;  mobility  of  molecules,  170;  modulus  of 
elasticity  in  transverse  tests,  1002;  physics  of,  997. 

Cementite,  870.  872. 

Challenger  gold-mine,  Adelong,  New  South  Wales,  297. 

Ch.\mi!ERLAix,  H.  S.,  remarks  in  discussion  of  electricity  in  mining,  1074. 

Chapin  iron-mine,  Menominee  range,  Mich.,  fossils  in  ores  of,  527,  530, 

Charcoal  as  a  precipitant  of  gold,  743. 

Chemical  analysis,  actual  accuracy  of,  370. 

Chestatee  gold-placer,  Lumpkin  county,  Ga.,  62. 

Chief  gold-mine,  Cripple  Creek  district,  Colo.,  559. 

Chloridizing-roastiug,  volatilization  of  silver  in,  53. 

Chlorination-works  (see  also  concentration-works,  snielting-works,  etc.):  Colorado: 
El  Paso  county:  El  Paso  [x.\xvi] ;  South  Dakota:  Lawrence  county;  Golden 
Eeward,  710. 

Chlorine  in  cyanide  process,  742. 

Christy,  S.  B.  :  The  Solution  and  Precipitation  of  the  Cyanide  of  Gold  [xxsiii],  735  (see 
p.  1116). 

City  View  gold-mine.  Cripple  Creek  district,  Colo.,  572. 

Clinton  fossil-ores.  Birmingham  district,  Ala.,  magnetic  separation  of,  364,  1089  et 
seq. 

Coal-cutters,  electric,  417. 

Coal-Dust  as  an  Explosive  Agent  {Stu.4.RT)  [xix],  108. 

Coal-fields;  Appalachian,  299;  Donetz,  Russia  [1097] ;  Weber,  Utah  [258]. 

Coal-mines:  Uxited  St.\tes:  Wyoming:  Sweetwater  county ;  Rock  Springs  [621]. 
Foreign  Countries;  England:  Wales;  Albion,  128;  Bristol;  Malago  Vale,  129; 
Monmouthshire;  Llanerch,  130;  Sheffield  ;  Thorncliffe,  341 ;  Somersetshire;  Cam- 
erton,  109  et  seq.;  Fiusbury,  120;  South  Wales,  Tylorstown,  133  (foot-note). 

C.  O.  D.  gold-mine,  Cripple  Creek  district,  Colo.,  571. 

Cceur  d'Alene  region,  Idaho,  silver-lead  ores,  630. 

Coke-drawer,  mechanical,  346,  347. 

Coke,  Newton-Chambers  system  of  savitig  by-products  in  manufacture  of,  340. 

Coke-ovens,  bee-hive,  340,  347. 

Coke-oven  tiling:  analysis  of,  263;  conductivity,  expansion  and  fusibility  of,  266 
et  seq. 

Coke-plants:  at  Latrobe,  Pa.,  346,  348;  near  Middlesboro,  England,  347  ;  at  Sheffield, 
England,  .341. 

Colliery  exp'osions,  origin  and  rationale  of,  120. 

CoLLiN.s,  Arthur  L.,  remarks  in  discussion  of  Mr.  Bayliss's  paper  on  the  accumula- 
tion of  amalgam  on  copper-plates,  1041. 

Colloni  jigs,  5  et  .vc^. 

Colorado:  cyanide  process  in,  709  et  seq. ;  development  of  mining  industry,  834;  dis- 
covery of  gold  in,  835 ;  gold-ores  of  Park  county,  848;  gold-  and  silver-mines, 
198  et  seq.;  553,  773,  834,  843,  906,  10.57;  gold  and  silver  production,  843;  meeting 
of  the  Institute  in,  September,  1896,  xxix;  mining  region  of  Custer  county,  773 
et  seq.;  placer  gold-mining,  833;  Rico  mining  district,  906  e<  «e(/.;  smelting-works, 
839  et  seq. ;  tell u ride-ores,  439  et  seq.,  1106. 
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Colorado  Fuel  aiul  Iron  Oimpnnj':  electric-power  plant  at  Eouse,  Colo.,  404,  1077  e< 
seq. ;  steel-works  at  Pueblo.  Colo,  [xxxvii]. 

Colorado  Mining  and  Smelting  Company,  Butte,  Mont.,  concentration-works  of,  602. 
619;  plunger-jig  measurements  and  curves  taken  at,  10,  23. 

Colorado  Smelting  Company,  visit  to  lead-smelting  works  of,  at  Pueblo,  Colo, 
[xxxvii]. 

Colorado  Springs,  Colo.,  reception  to  Institute  by  El  Paso  Club,  xxxvi. 

Columbia  gold-mine,  Boulder  county,  Colo.  [836]. 

Colusa  copper-mine,  Butte  district,  Mont.  [599]. 

Colusa-Parrot  copper-mine,  Butte,  Mont.,  1053. 

Commercial  cyanide-works,  Bingham,  Utah,  713  et  seq. 

Compromise  silver-mine,  Pitkin  county,  Colo.  [84.5];  analysis  of  ore,  56;  results  of 
roasting  ore  in  muffle  and  rcverberatory  furnaces,  60. 

Comstock  gold-mine.  La  Plata  county.  Colo.  [844]. 

Concentration  of  Ores  in  the  Butte  District,  Montana  (Goodale)  [xxxiii],  599;  discus- 
sion, 1108. 

Concentration -works:  Idaho:  Shoshone  county;  Bunker  Hill  and  Sullivan.  5,  10.  22, 
23;  Montana  :  Deerlodge  county  ;  Anaconda,  .5,  11,  31.  32,  411.  609  et  seq.  ;  Silver- 
bow  county  ;  Boston  and  Montana,  5  et  seq.,  39,  601 ;  Butte  and  Boston,  .5,  10,  16 
et  seq.  [600],  617;  Colorado  Mining  and  Smelting  Company,  5,  10,  23,  602,  619  ; 
Parrot  Silver  and  Copper  Company,  601,  615  ;  Utah:  Salt  Lake  county  ;  Old  Jor- 
dan and  Galena,  5,  10,  24. 

Concentrator-tailings:  amalgamation  of,  636;  assay  of,  637. 

Congress  gold-mine,  Yavapai  county,  Ariz.,  295. 

Consolidated  Kansas  City  Smelting  and  Refining  Company,  .\rgentine.  Kan.  [43],  50. 

Contentiongold-mine,  Tombstone,  Ariz..  294. 

Convers,  G.  G.,  process  for  separation  of  franklinite-ore  designed  by,  356. 

Conveying-belts,  78;  delivering  capacity  of,  89. 

Cook,  Robert  A.:  A  Mechanical  Coke  Drawer  [xix],  347:  Tk^  Neioton-Chambers  System 
of  Saving  the  By-Products  of  Coke-Manufacture  in  Bee-Hive  Ovens  [xix],  340. 

Cooke,  Mont.,  cyanide-works,  711  et  seq. 

Copper:  electro-metallurgy  of,  418;  in  iron  and  steel,  534;  methods  for  analysis  of, 
376 ;  as  a  precipitant  of  gold,  751. 

Copper-mines:  Montana:  Silverbow  county ;  Anaconda,  599  et  seq.  [1053];  Boston 
and  Montana  Company's,  39;  Colusa  [.599];  Colusa-Parrot,  10.53;  Gagnon,  218, 
224,599  [105.3];  Mountain  View  [.599];  Parrot  [.599];  Sih-er  Bow  [.599];  Texas: 
Ball,  102;   Isbell,  101  et  seq.  ;  Winn,  10.3. 

Copper-ores:  deposits  in  the  Permian  of  Texas,  97,  1051;  of  New  Annan,  Nova 
Scotia,  1051. 

Copper-Oresin  the  Permian  of  Texas  (Schmitz)  [xix],  97;  discussion  [xxxii],  1051. 

Copper  plates,  accumalation  of  amalgam  on,  33,  1039. 

'■  Copper-steel,"  .536. 

Cory  City  silver-mine,  Sherman  Mountain  district,  Colo.  [837]. 

Corydon  gold-mine,  Gilpin  county,  Colo.  [1042]. 

Cost:  of  concentration  in  Butte,  Mont.,  mills,  6.38  ;  estimated  cost  of  mining  Arkansas 
phosphate-deposits,  596;  of  gold-mining  in  Alabama  and  Georgia,  472. 

Cost  of  labor  (see  also  wages) :  in  gold-mines  of  the  Guyanas,  S.  A.,  518  ;  at  gold-mines, 
Ontario,  Can,,  860. 

Council  of  the  Institute,  annual  report  of,  xx. 

Country-rock  of  Custer  county,  Colo.,  assays  of,  for  silver,  822. 

Cowenlioven  tunnel.  Aspen.  Colo.,  visit  to,  x.icxviii. 

Crandall  hydraulic  elevator,  62,  466. 

Cka.vdall,  W.  R.  :     The  Hydraulic  Elevator  at  the  Chestalee  Mine,  Georgia  [xix],  62. 

Creede  mining  district,  Colo.,  846. 

Creighton  (Franklin)  gold-mine,  Cherokee  county,  Ga.  [468,  470], 

Creusot  steel-works,  France,  1.36. 
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Cripple  Creek,  Colo.:  session  of  Institute  at,  xxsii;  visit  to  mines  and  reduction 
works  of,  xxxvi. 

Cripple  Creek,  mining  district,  Colo.:  peology  of,  ."mo;  gold-mines,  ~m8  et  seq.  :  his- 
tory of  development,  84G  ;  ore-deposits,  295,  820;  ore-shoots,  553  et  seq. ;  tre:it- 
ment  of  gold-ores  by  the  cyanide  process,  710  et  seq. 

Criterion  gold-mine,  Mount  Bross  mining  district.  Park  county,  Colo.,  850. 

Critical  points  of  iron  and  steel,  8(j3. 

Cross,  Whitman  :  on  the  geology  of  the  Cripple  Creek  district,  Colo.,  5.55 ;  on  the 
geology  of  San  Miguel  county  silver  district,  Colo.,  450. 

Crown  Point  silver-mine,  Lcadville,  Colo.  [203]. 

Crystalline  rocks,  gold  in,  291  et  seq. 

Cupola-iron:  analysis  of,  1.54;  physical  tests  of,  154. 

Custer  county,  Colo.,  gold-  and  silver-mines,  773  et  seq. 

Cyanide  of  gold  :  jirocipitation  of,  7.'i5,  748;  solution  of,  73.5,  737. 

Cyanide  process;  applied  to  silver-ores,  710 ;  bromine  in,  740  eise//.  .•  character  and 
composition  of  ores  treated  in  the  United  States,  719;  chlorine  in,  742 ;  details 
of,  as  practiced  in  the  United  States,  720;  Kendall  process,  714;  laboratory-tests 
in  connection  with  the  extraction  of  gold  from  ores  by,  721  el  seq.;  sodium  di- 
oxide, use  of,  in,  713,  714  ;  solution  and  precipitation  of  gold.  735.  737,  748;  in 
South  Africa,  735  ;  treatment  of  gold-ores  by,  709  et  seq.,  721  et  seq.,  735  et  seq.  ; 
zinc  shavings,  use  of,  in,  715,  759;  zinc  sulphate  in,  7()(). 

Cyanide  Process  in  the  United  State.i  (Packard)  [xxxiii],  709  (see  p.  1116). 

Cj'anidc-works  (see  also  chlorination-works  and  stamp-mills):  iu  the  western  States, 
709  et  seq.;  Colorado:  Livingston  [709];  Fremont  county;  Metallic  Extraction 
Company's  [xxxvii],  404,  711,  713;  El  Paso  county;  Brodie,  xxxvi;  Montana: 
Fergus  county;  Gilt  Edge,  717  et  seq. ;  Park  county;  Cooke,  711  et  seq.;  Utah: 
Salt  Lake  county  ;  Commercial,  713  et  seq. ;  Tooele  county  ;  Mercur,  709  et  seq. 

Cycle  of  the  Plinujer-Jig  (Richards)  [xviii],  3;  discussion,  1034. 

Daly  Mining  Company,  assays  of  sulphides  by,  243  et  seq. 

Daubree,  Gabriel  Auguste,  biographical  notice  of,  823. 

Day,  David  T.,  on  coal-dust  as  an  explosive  agent,  109  et  seq. 

De  Lamar  gold-  and  silver-mine,  Owyhee  county,  Idaho,  208. 

Deaths  of  honorary  members,  members  and  associates,  xxii. 

Delia  S.  silver-mine,  Aspen,  Colo.  [414];  use  of  electric  power  at,  1079  et  seq. 

Democrat  silver-mine.  Silver  Cliff  district,  Colo.,  818. 

Determinations  of  Phosphorus  in  Steel  (continued  discussion  of  Mr.  Thackray's  paper, 

see  Vol.  XXV,  370,  1012)  [xxxii],  1031. 
Development  of  Colorado's  Mining  Industry  (Rickard)  [xxx],  834. 
Devereux  slag  pots,  41  et  seq. 
Dewey,  Frederic   P.:  The  Actual  Accuracy  of  Chemical  Analysis  [xxxi],  370;  The 

Sulphuric  Acid  Process  of  Treating  Li.civiation  Sulphides  [xxxii],  242. 
Dewcy-Walter  Refining  Company,  242. 

De  Wilde  method  of  precipitating  gold  from  cyanide  solutions,  755,  770. 
Diamagnetic  metals,  352  et  seq. 

Dickerman  gold-mine,  Cripple  Creek  district,  Colo.  [571]. 
Dikes:    of  Cripple  Creek  gold   district,  Colo.,  .555  et  seq. ;   of  gold  district,  Ontario, 

Can.,  856  et  seq. ;  of  Park  county,  Colo.,  gold  district,  851 ;  of  Kico,  Colo.,  mining 

district,  9.58  et  seq. 
Doctor  gold-mine,  Cripple  Creek  district,  Colo.,  5.58  et  seq. 
Dr.  Solomon's  gold-niinc  (placer),  Surinam,  Guiana,  .525. 
Dolcoatli  cojiper-tin-mine,  Cornwall,  change  in  character  of  mineral  ingredients  at, 

200  [202]. 
Dolly  Varden  gold-n)ine.  Park  county,  Colo.,  8.50. 
Dolores  (now  Aztec)  silver-mine,  Dolores  county,  Colo.  [843,  907]. 
Donawitz  l)last-furnace,  Luobeu.  Austria,  use  of  carbon-bricks  at,  185,  186. 
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Donetz  coal-fields,  southern  Russia  [1097]. 

Double  Extension  gold-mine,  Summit  county,  Colo.,  vein-walls  of,  220. 

Drei  Prinzen  silver-mine,  Freiberg.  Saxony,  comb-structure  of  veins,  226. 

Drills,  electric  diamond  and  percussion,  416. 

Drum  Lummon  gold-  and  silver-mine,  Marysville,  Mont.,  33;  vein-walls  of,  218,  240. 

Drum  Lummon  stamp-mill.  Marysville,  Mont.,  1039,  1048,  1049. 

Dudley,  Dr.  C.  B.,  on  the  physical  properties  of  steel-rails,  535. 

Dunderberg  silver-mine,  Sherman  Mountain  district,  Colo.  [837]. 

Durant  silver-ore,  Aspen,  Colo.,  result  of  roasting  in  reverberatory  furnaces,  60. 

Durfee,  \V.  F.,  on  coal-dust  as  an  explosive  agent  [109], 

DwiGHT,  Arthl'E  S. :  An  Improved  Assay-Muffle  [xxxi],  992. 

Edgar  Thomson  blast-furnaces,  Pittsburgh,  Pa.,  use  of  carbon-bricks  in  bosh-walls 
of,  187. 

Edgar  Thomson  steel-works,  Allegheny  county,  Pa.,  visit  to  [xxv]. 

Effect  of  Additions  of  Titaniferous  to  Phosphoric  Iron-Ores  in  the  Blast-Furnace  (Eossi) 
[xviii],  144  (see  p.  997). 

Effect  of  Expansion  on  Shrinkage  and  Contraction  in  Iron-Castings  (West)  [xix],  165  (see 
p.  997). 

Effect  of  Vibration  upon  the  Structure  of  Wrought-Iron  (continued  discussion,  see  Vol. 
xxiv,  809)  [xviii]  1026. 

El  Campana  gold-  and  silver-mines,  Sonora,  Mexico,  295. 

El  Grupo  gold-  and  silver-mines,  Sonora,  Mexico,  294. 

El  Paso  chlorinatiou-works,  Gillett,  Colo.,  visit  to  [xxxvi]. 

El  Silencio  gold-mine  and  stamp-mill,  Colombia,  S.  A.,  1050. 

Electric  coal-cutters,  417. 

Electric  drills,  416. 

Electric  hoists,  412,  1079. 

Electric  mine-locomotives,  417. 

Electric  mining  machinery,  412. 

Electric  Mining  in  the  Eocky  Mountain  Region  (Hale)  [  xxx],  402  (for  discussion  see 
"Electricity  in  Mining,"  1071). 

Electric  power,  advantages  of,  403. 

Electric  power-plants:  at  Aspen,  Colo,  [xxxviii],  409,  414.  1080;  conditions  affect- 
ing cost,  404;  laws  and  formulae,  404  ;  of  the  Standard  Consolidated  Mining  Com- 
pany, Bodie,  Cal.,  319,  1071;  systems;  direct  current,  406;  multiphase  alternat- 
ing current,  409;  single-phase  alternating  current,  408. 

Electric  pumps,  415. 

Electricity  in  Mining  (discussion  of  the  papers  of  Mr.  Brown  and  Mr.  Hale),  1071. 

Electricity,  use  of,  in  precipitating  gold  from  cyanide  solutions,  757. 

Electro-metallurgy:  copper-refining.  418  ;  gold  and  silver  extraction,  419. 

Elktou  Consolidated  Mining  and  Milling  Company,  Cripple  Creek,  Colo.  [560]. 

Elkton  Discovery  gold-mine,  Cripple  Creek  district,  Colo.  [561]. 

Elkton  gold-mines.  Cripple  Creek  district,  Colo.,  500  et  seq.,  856 ;  visit  to  [xxxvi]. 

Elm  Spring  copper  district,  Texas,  103. 

Embreville  blast-furnace  plant,  139. 

Embreville  Estate,  Tennessee  (JoHXSON)  [xviii],  1.38. 

Eml)reville,  Tenn.,  iron-ore:  character  of,  140  et  seq.;  tensile  strength  of,  141. 

Emmoxs,  S.  F.  :  Some  Mines  of  liosita  and  Silver  Cliff,  Colorado  [xxxii],  773. 

Enterprise  gold-  and  silver-mine,  Rico,  Dolores  county,  Colo.,  843,  906  el  seq.;  veiu- 
walls  and  ribbon-structure,  198,  224  et  seq. 

Enterprise  Mine,  Rico,  Colorado  (Rickard)  [xxxi],  906. 

Euclid  gold-mine,  La  Plata  county,  Colo.  [844]. 

Eureka  gold-  and  silver-mine,  Rico,  Colo.  [919,  921],  929. 

Eureka  shale,  Eureka  Springs,  Ark.,  analyses  of,  581. 

Eustis,  W.  E.  C,  on  methods  of  copper  analysis,  376. 
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Excentriv  J'uj,  with  AdjuMahle  and  Antomatir  Lower  Discharge  Arranged  for  the  Full  Width 

of  the  Bed  and  fur  One  or  More  Compart tnents  (Tl'TTLE)  [xxxiii],  278. 
Excursions  aud  eutertainmeuts :  iu  Colorado,  xxxvi;  at  Pittsburgh,  Pa.,  xxv. 
Expansion  of  fire-brick,  267. 

Fackenthal,  B.  F.,  Jr.,  on  copper  in  iron  and  steel,  .^34. 

Fairbairn,  William,  on  the  efl'ect  of  vibration  upon  the  structure  of  wrought-irou, 

1027. 
Faraday's  list  of  diamaguetic  and  pai-auiagnetic  metals,  352. 
Farish,  J.  B.,  on  ore-deposits  of  Newman  hill,  Rico,  Colo.,  916  et  seg, 
Fassett  Mining  and  Milling  Company,  Park  county,  Colo.,  850. 
Faidtiiig  and  Accompanying  Features  Observed  in  Glacial  Gravel  and  Sand  in  Southern 

Michigan  (Henrich)  [xxxii],  460;  discussion,  1102. 
Faulting  in  glacial  gravel,  460,  1102. 
Faults  at  Rico,  Colo.,  gold-  aud  silver-mines,  921  et  seq. 
Feldtmunn,  \V.  K.,  on  precipitation  of  gold  by  zinc,  760. 
Ferguson  gold-mine.  Rainy  River  district,  Ontario,  Can.  [858]. 
Ferrite,  870. 

Ferruginous  minerals,  treatment  of,  355. 
Financial  statement  of  Secretary  and  Treasurer  for  year  ending  February  1,  1897, 

XX. 

Fire-brick:  analyses  of  material,  26S;  beat-conductivity,  expansion  and  fusibility 
of,  263;  specific  gravity  of,  and  weight  per  cubic  foot,  269. 

Fisk  gold-mine,  Gilpin  county,  Colo.  [1042]. 

Fissure-veins,  ore-bearing,  193  et  seq. 

Five-Twenty  gold-mine,  Lake  county,  Colo.  [838]. 

Foley  gold-mine,  Ontario,  Can.  [859]. 

Fort  Logan,  Colo.,  visit  to,  xxxvi. 

Fossils  in  Lake  Superior  iron-ores,  .527  et  seq. 

France:  Allevard  lead-  aud  zinc-mines  [355] ;  character  of  Pontgibaud  silver-lead  ore- 
veins,  200  [202]. 

Franklin  silver-ore,  Aspen,  Colo  ,  analysis  of,  56. 

Franklin  zinc-mines,  Sussex  county,  N.  J.,  magnetic  separation  at,  356. 

Franklinite-ore,  Sussex  county.  N.  J.:  analyses  of,  364;  process  for  separation  of,  356, 
364. 

Free  Silver  silver-mine,  Aspen,  Colo.,  electric  hoist  at,  414, 1079. 

Freeland,  F.  T.,  on  fault-rules,  950. 

Freeland  silver-mine.  Clear  Creek  county,  Colo.  [837], 

Friederichssegen  lead-  and  zinc-mine,  German}-  [3.55], 

Frontino  and  Bolivia  Gold  Mining  Company,  Ltd.,  10.50. 

Frue  vanners;  comparative  work  of  circular  tables  and,  631;  vs.  conical  slime-tables, 
1110. 

Fumaroles,  phases  of  activity  of,  789. 

FuRMAN,  H.  V.\N  F. :  Laboratory-Tests  in  Connection  with  the  Extraction  of  Gold  from 
Ores  by  the  Cyanide  Process  [xxxiii],  721  (see  p.  1116);  remarks  iu  discussion  of 
Mr.  F.  C.  Smith's  paper  on  tellurium  in  gold-ores,  1106. 

Furnace-gas,  analysis  of,  1071. 

Furnace-iron :  analysis  of,  154  ;  physical  tests  of,  1.54. 

Furnace,  Stetefeldt,  54  et  seq. 

Further  Notes  on  the  Alabama  and  Georgia  Gold-Fields  (Brewer)  [xxxi],  464. 

Fusibility  of  fire-brick,  269. 

Gagnon  copper-mine,  Butte,  Mont.,  silver-bearing  ores  and  vein-walls  of,  218,  224, 
599  [1053]. 

Gagnon  copper-silver  ore,  Butte,  Mont.:  analyses  of,  604;  assays  of,  607,  608;  treat- 
ment of,  603  et  seq.,  631. 
VOL.  XXVI. — 72 
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Galena  silver-lead-mine,  Pitkin  county,  Colo.,  845. 

C4ases,  analyses  of  furnace-,  1071. 

Geuesee-Vanderbilt  silver-mine,  Ouray  county,  Colo.,  1057  et  seq. 

Geneva  gold-mine.  Cripple  Creek  district.  Colo.,  569. 

Geological  mapping,  magnetic  observations  in,  640. 

Geology  of:  Boston  Mountains  region.  Ark.,  583;  Cripple  Creek  district,  Colo,  555; 
gold-belt  of  Gunnison  county,  Colo.,  440;  Park  county,  Colo.,  ore-rteposits.  849; 
Eico,  Colo.,  mining  district,  913;  Eosita  and  Silver  Cliff  mining  districts,  Custer 
county,  Colo.,  775,  800;  Telluride  district,  Colo.,  450. 

Georgia:  gold-fields,  464;  hydraulic  mining  at  Chestatee  gold-placer,  62  ;  manganese- 
ores,  magnetic  separation  of,  368. 

Germany,  lead-  and  zinc-ores  [355]. 

Geyser  (Security)  silver-mine.  Silver  Cliff  district,  Colo.  [791],  803;  analyses  of  ore, 
808;  analyses  of  sinters,  811  ;  analyses  of  waters,  811  et  seq.;  contents  of  waters, 
814;  country  rocks,  804;  mine-levels,  804;  ore-bodies,  807;  vein  material,  808; 
water  courses,  809. 

Gilpin  county,  Colo.;  development  of  mining  industry,  836,  840;  ore-production,  841. 

Gilt  Edge,  Fergus  county,  Mont.,  cyanide  works,  717  et  seq. 

Glacial  gravel  and  sand,  faulting  observed  in,  460,  1102. 

GODSHALL,  L.  D. :  Silver- Losses  i SI  Cupellation  [xxxi],473;  The  VolatUizatiun  of  Silver  in 
Chloridiziiig-Roas'.ing  [xis],  53;  remarks  in  discussion  of  Mr.  Bayliss's  paper  on 
accumulation  of  amalgam  on  copper-plates,  1039. 

Gogebic  range.  Lake  Superior  district,  experiments  with  iron-ores  of,  269  et  seq. 

Gold  :  charcoal  as  a  precipitant  of,  748  ;  copper  as  a  precipitant  of,  751  ;  ia  crystalline 
rocks,  291  et  seq.;  deposition  of,  from  sea-water,  291 ;  deposits  of  Cripple  Creek 
district,  Colo.,  555  et  seq.;  de  Wilde's  method  of  precipitating  gold  from  cyanide 
solutions,  755,  770;  electro-metallurgy  of,  419;  extraction  of,  from  ores  by  the 
cyanide  process,  721 ;  in  granite  and  plutonic  rocks,  290:  mercuric  chloride  as  a 
precipitant  of,  750;  precipitation  of,  from  cyanide  solutions  by  electricity,  757 ; 
production  of  Black  Hills,  S.  Dak.,  1104  ;  solution  and  precipitation  of  cyanide  of, 
735 ;  specimens  of  ores  from  New  South  Wales  at  Columbian  Exposition,  297  ;  zinc 
and  zinc-chloride  as  precipitants  of,  763. 

Gold-belt,  Gunnison  county,  Colo.,  440. 

Gold  Cliff  gold-mine.  Angel's  Camp,  Cal.,  vein-walls  of,  216. 

Gold  Coin  gold-mine,  Gilpin  county,  Colo.,  visit  to  [xxxvii]. 

Gold  Dredging  Company's  electric  placer-mining  plant  at  Bannock,  Mont.  [418]. 

Gold-fields:  Alabama  and  Georgia,  464;  Beudigo,  Victoria,  Australia,  202  et  seq.; 
Witwatersrand,  South  Africa,  736. 

Gold  in  Granite  and  Platonic  Rocks  (Blake)  [xxxi],  290. 

Gold  in  the  Gnynnas  (Granger)  [xxxi],  516. 

Gold  Hill  gold  district,  Boulder  county,  Colo.,  836. 

Gold  Hill  gold-mines.  Cripple  Cieek  district,  Colo.,  569. 

Gold-mines:    United  States:   Alaska:    Alaska    Tread  well,  772;  Bald   Eagle,  772; 
Tread  well,  294;  Arizona:  Cochise  county;    Contention,  294;    Yavapai    county; 
Congress,  295;   California:  Amador  county;  Bay  State,  772;  Calaveras  county; 
Gold  Cliff,  216;  Utica  [216];  Nevada  county;  Idaho,  772;  North  Star,  1073;  Sau 
Bernardino  county;  Armagosa,  292;    Colorado:  Boulder  county;  Caribou  [837]; 
Columbia  [836] ;  Hoosier  [836] ;  Horsfal  [836];  John  Jay  [837];  Magnolia  [837] ; 
Melvina  [837]  ;  Ni  Wot  [836]  ;  Eed  Cloud,  h;57;  Slide  [8.37];  Clear  Creek  county; 
Griffith    [8.37];    Whale   [837];    El   Paso  county;    Abe    Lincoln,   572;    Anaconda 
[xxxvi] ;     Anchoria-Leland    [xxxvi],    570;    Arcadia,    572;    Buena    Vista,    578 
Burns   [575] :   Chief,   559;  City   View,   572;   C.    O.    D.,    571;  Dickerman    [571] 
Doctor,  558  et  seq.;  Elkton,  560  et  seq.;  Elkton  Discovery  [561];  Geneva,  569 
Independence    [xxxvi],   296,    579;    Isabella    [xxxvi];    Katherine,    561    et  seq. 
Kentucky  Bill  [566]  ;  Lillie,  577;   Lucky  Guss,  ,578;  Mi)on-.\nclior,  569;   Moose 
[xxxvi]  238,  568,  846;  North  Star,  5.')9;  Orplia  May,  573;  Pharmacist,  575;  Pike's 
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Peak,   574;    Portland  [xxxvi],    57 S ;  Prince   Albert,  579,   978;    Raven,  5n7 ;    Re- 
becca   [xxxvi];    Strong    [xxxvi] ;    Tiionipson,   5(>() ;    Victor,    577;    Vindicator, 
577;  Walter,  561 ;  Zenobia,  575,  576;  Gilpin  county;  Pates  [840];  Bates-Hun- 
ter  [1042];    Bobtail   [xxxvii,   810];    Borroughs   [810];   California  [xxxvii],   206 
[1041];  Corydon  [1042];  Fisk   [1042];  Gold  Coin   [xxxvii];  Gregory   [xxxvii"]. 
83(5,  840;  Gregory-Bobtail  [xxxvii,  840]  ;  Gunnell  [810];  Hidden  Treasure  [232]; 
Indiana, 232;  Kansas  [840] ;  Saratoga  [xxxvii];  Gunnison  county;  Iron  Cap  [444] ; 
Lucky  Strike  [444];  Mammoth  Cliininey,  445;  Mineral  Hill  [444]  ;  Old  Lot  [444]; 
Vulcan,  445;  Lake  county  ;  Five-Twenty  [838]  ;  Little  Johnny  [839];  Pilot  [838]  ; 
Printer  Boy  [838] ;    La  Plata  county ;    Ashland  [844]  ;    Comstock  [844];     Euclid 
[844];  Morovitz  [844]:  Park  county ;  Criterion,  850;  Dolly  Varden,  850  ;  Moose, 
850;   Kio  Grande  county;    Little  Annie  [843] ;    Saguache  county ;    Holy  Moses, 
845;   San  Juan  county;    Aspen  [812];    Little  Giant  [842];    San  Miguel  county ; 
Belmont  [843] ;    Oriental  [843]  ;    Tomboy,  843;    Summit  county ;    Cashier,  216; 
Double  Extension,  220;    Georoin:  Cherokee  county;    Creighton  (Franklin  [468, 
470];    Lumpkin  county;    Chestatec  (placer),  62 ;    McDulTie  county;  Walker  (J. 
Sep  Smith)  [470];    Orfgou  :     Baker  county;    Bonanza,  202,  208  ;     S^outh  Dakota  : 
Lawrence  county  ;  Homestake,  29 1,  1104 ;  Welcome  [487] ;   Utah  :  Tooele  county ; 
Mercur  [760].     Fokeign  Countries:  Aiistralia:  New  South  Wales;  Challenger, 
297;    Mount  Graham,  297:    Great  Victoria,  297 ;    Victoria;    Johnson's,  204,  210; 
Shenandoah,  204 ;  Sunday  Reef,  198;    CrtH(t(?rt.:  Ontario;    Arrastra,   8(1 1 ;  Fergu- 
son [853] ;    Foley  [859];    Hammond-Folger  [857];    Micado,  859;    Sultana,  857  e< 
seq;  Pine  Portage,  856  et  seq. :  William  Wiegand  [858] ;  Colombia-:  department  of 
Antioqnia;    El    Silcncio,    1050;    Guiana:    Swrinam ;    Barnett's,    Dr.    Solomon's, 
Green's,  Montana,  Mueller's  and  de  Joug's,  Savanna  (placers).  525 ;  New  Zealand  : 
Otago;  Canton,  212;  Sonth  African  Repuilic:  Johannesburg;  Robinson,  735. 
Gold-ores :  of  Cripple  Creek,  Colo..  712  et  seq.,  722 ;  cyanide  process  applied  to,  709  et 
seq.,  721  et  seq.,  735  et  seq. ;  of  Mercur  district,  Utah,  711  et  seq.,  722  [760] ;  of  New 
Sonth  Wales,  297;  occurrence  and  behavior  of  tellurium  in,  485  et  seq.,  1103;   of 
Park  county,  Colo.,  848;  of  Rainy  River,  district,  Ontario,  Can.,  853. 
Gold  and  silver :  assay  of  copper-materials  for,  377;  tests  of  absorption  ef,  by  copper- 
plates in  the  Standard  Consolidated  mill,  Bodie.  Cal  ,  1044. 

Gold- and  silver-mines:  Arizona:  Pinal  county;  Mammoth,  214,  233,  234;  Yavapai 
county;  Hillside,  196;  California:  Mono  county;  Standard,  315,319;  Colorttdo : 
Dolores  county;  Enterprise,  193,  224,  843,906  et  seq.;  Eureka  [919,  921],  929 ; 
Hiawatha,  919  et  seq.;  Jumbo,  198,  224,915  el  seq  ;  Kitchen,  915  e<  «?</. ;  Laura 
[973] ;  Rico-Aspen  [909],  916  etf<eq.  ;  Skeptical,  916;  Songbird,  909  ef  seq. ;  Swan- 
sea, 909  c<  wg.  .•  Idaho:  Idaho  county;  Little  Giant,  1060.;  ©wyhee  county;  De 
Lamar,  208:  Montana:  Lewis  and  Clarke  coanty;  Drum  Lnmmon,  33.  218,  240  ; 
Silverbow  county;  Blue  Bird  [294] ;  Rainbow  [294],  .599^  Oreijon  :  Union  coutity  ; 
Union  and  Companion,  194,213;  Me.ucn:  Sonora;  El  Cannpana,  295;  El  Grupo, 
294;   San  Francisco,  295. 

Gold-  and  silver-ores,  analysis  of,  912. 

Golden,  Colo.,  session  of  Institute  at,  xxxiii. 

Golden  Reward  chlorination-works,  Deadwood,  S.  Dak.,  cyanide  process  at,  710. 

Goldville  gold  district,  Ala.  [471]. 

GooD.VLE,  Charles  W.  :  The  Concentralion  of  Ores  in  the  Butte  Di.itrict,  Montana  [xxxiii], 
599;  discussion,  1108;  remarks  in  discussion  of  bis  paper,  1110. 

Grabill,  L.  R.,  description  of  Bassick  silver-mine,  Rosita  district,  Colo.,  by,  783. 

Grand  View  silver-mine,  Dolores  county,  Colo.  [843,  907,  909]. 

Granger,  Henry  G.  :  Gdd  in  the  Gnuanas  [xxxi],  516. 

Granite,  gold  in,  290  et  seq. 

Grant  Belt  Copper  Company,  Texas  [98]. 

Great  Falls,  Mont.,  electric-power  plant  [1074]. 

Great  Victoria  gold-mine,  New  South  Wales,  Australia,  297. 
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Grecian  iiiagiiesite :  analysis  of,  268  ;  conductivity,  expansion  and  fusibility  of,  266 
et  seq. 

Green  Creek  dam  of  Standard  Consolidated  Mining  Company,  dimensions  of,  324. 

Green  and  Company  smelting-works,  San  Juan  county,  Colo.,  842. 

Green  schists  of  Alabama,  467. 

Green's  gold-mine  (placer),  Surinam,  Guiana,  525. 

Greensaud  marls  of  Arkansas,  594  et  seq. 

Gregory-Bobtail  gold-mine,  Gilpin  county,  Colo,  [xxxvii,  840]. 

Gregory  gold-mine,  Gilpin  county,  Colo.,  discoverj'  of,  8.36,  840. 

Gresley,  W.  S.  ;  Traces  of  Organic  Remains  From  the  Hnronian  (?)  Series,  at  Iron  Moun- 
tain, Mich.,  Etc.  [xxxii],  527;  remarks  in  discussion  of  Mr.  Henrich's  paper  on 
faulting  in  glacial  gravel,  1102. 

Grey  Rock  silver-copper  mine,  Butte  district,  Mont.,  assay  of  ore.  628. 

Griffith  gold-mine,  Clear  Creek  county,  Colo.  [837]. 

Grubb,  Edward  B.,  remarks  in  discussion  on  the  effect  of  vibration  upon  the  struc- 
ture of  wrought-iron,  1026. 

Gunnell  gold-mine,  Gilpin  county,  Colo.  [840]. 

Gunnison  gold-belt,  Colo.,  440. 

Guston  silver-mine,  Ouray  county,  Colo.  [843,  1057]. 

Hagen  steel-works,  Westphalia,  Germany,  136. 

Hale,  Iruing:  Electric  Mining  in  the  Eocky  Mountain  Region  [xxx],402  (for  discussion 
see  "  Electricity  in  Mining,"  1071) ;  remarks  in  discussion  of  electricity  in  min- 
ing, 1074,  1083. 

Hamniond-Folger  gold-mine.  Rainy  River  district,  Ontario,  Can.  [857]. 

Hanauer  smelting-works,  Jordan  Valley,  Utah,  .52. 

Hard  Casii  silver-mine,  Ciister  county,  Colo.  [777]. 

Hardening  steel,  current  theories  of,  863  et  seq. 

Harrison  Reduction  Company,  St.  Louis,  Mo.  [839]. 

Hartshobne,  Joseph:   Tlie  Rertnmd-Thiel  Open-Hearth  Process  [xxxi],  380. 

Harz  jigs,  5  et  seq. 

Heat-conductivity  of  ffre-brick.  263. 

Henrich,  Carl:  Faulting  and  Accompanjpng  Features  Observed  in  Glacial  Gravel  and 
Sand  in  Southern  Michigan  [xxxii],  460  ;  discussion,  110:2. 

Hiawatha  gold-  and  silver-mine,  Rico,  Colo.,  919  et  seq. 

Hidden  Treasure  gold-mine,  Gilpin  county,  Colo.  [232]. 

Hidden  Treasure  stamp-mill.  Black  Hawk,  Colo.,  1041,  1047. 

Hillside  gold-  and  silver-mine,  Yavapai  county,  Ariz.,  ore-bearing  veins  of,  196. 

Hog  Mountain  gold  district,  Ala.,  471. 

Hoists,  electric,  412,  1079. 

Holden  smelting-works.  Aspen,  Colo.,  Stetefeldt  furnace  at,  .54. 

HoLLis,  H.  L. :  Notes  on  the  Walrnnd-Legenisel  Steel-Casting  Process  [xviii],  134. 

Holloway,  J.  F.,  biographical  notice  of,  827. 

Holy  Moses  gold-mine,  Saguache  county,  Colo.,  845. 

Homestake  gold-mine,  Black  Hills,  S.  Dak.,  gold  deposits  in  crystalline  schists  at, 
294;   stamp-mill  at,  1104. 

Homestake  silver-mine,  Saguache  range,  Colo.  [839]. 

Homestead  steel-works.  Homestead,  Pa.,  visit  to  [xxv]. 

Honorary  members  :  deaths  of,  xxii ;  list  of,  vii. 

Hoosier  gold-mine,  Boulder  county,  Colo.  [836]. 

Hopkins,  T.  C,  on  Sylamore  sandstone  of  Arkansas,  581. 

Horizontal  rocks,  rapid  section-work  in,  298. 

Horsfal  gold-mine,  Boulder  county,  Colo.  [836]. 

Horton  silver-mine,  Custer  county,  Colo.  [777]. 

Hot-blast  stoves,  Nesmyth,  399. 

Howe,  H.  M.,  on  the  critical  points  of  steel,  864. 
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Hukill  silver-mine,  Clear  Creek  county,  Colo.  [837]. 

HiimboUU-Pociihontas  silver-mines,  Rosita  district,  Colo.,  775,  777. 

Hunt,  A.  E.,  on  the  accuracy  of  the  colorimetric  method  of  analysis,  371. 

Hunt,  Bertram,  use  of  zinc  sulpliate  in  cyanide  process  by,  7<)6. 

Hunt,  Robert  W.,  on  copper  in  rail  steel,  535. 

JhjdnmVic  Elevator  at  the  Chestatee  Mine,  Georgia  (Crandall)  [six],  62. 

Hydraulic  elevator,  Crandall.  62,  4()(i. 

Hydraulic  mining:  at  Chestatee  goUVplacer,  Ga.,  62;  in  Alabama,  466  el  seq. 

Idaho:  gold-  and  siver-ores,  208,  1060;  silver-lead  ores  of  Cteur  d'Alene  region,  630  ; 

silver-ores  of  Wood  River  district.  1105. 
Idaho  gold-mine,  Grass  Valley,  Cal..  treatment  of  ores  by  the  cyanide  process  at,  772. 
lies.  Dr.  M.  W.,  on  handling  slag,  401. 
Immortal  silver-mine.  Silver  Cliff  district,  Colo.  [801]. 
Impact-tests  of  cast-iron,  179. 
Improred  Assai/-Mnffle(D\viGUT)  [xxxi],992. 

Independence  gold-mine.  Cripple  Creek  district,  Colo.,  296,  579;  visit  to  [xxxvi]. 
Indiana  gold-mine,  Gilpin  county,  Colo.,  232. 
InveHlioH  of  the  Bessemer  Process  (Presidential  Address  at  Pittsburgh)  (Wekks)  [xvn], 

980.  .  .     ,       .    .      f 

Iron  :  affinity  of,  for  carbon,  1000:  analyses  of,  154 ;  copper  in,  534  ;  critical  points  oi, 
863:  physical  tests  of  furnace  and  cupola,  154. 

Iron  Cap  gold-mine,  Gunnison  county,  Colo.  [444]. 

Iron  castings,  effect  of  expansion  on  shrinkage  and  contraction  in,  165. 

Iron-mines:  Colorado:  Huerfano  county ;  Rouse,  1077,  10S1,1084;  Michigan:  Dickin- 
son county;  Chapiu,  527,  530;  New  York:  Rockland  county:  Sterling  [14o] ; 
Tennessee:  Washington  county ;  Embreville,  139  rt  .■seq. 

Iron-ores:  action  of  blast-furnace  gases  upon  various,  269,  1061;  analyses  of,  277; 
effect  of  additions  of  titaniferous  to  phosphoric,  in  the  blast-furnace,  144;  experi- 
ments with  Tennessee  ores,  276,  277;  fossils  in  Lake  Superior  ores,  527  et  seq.; 
Lake  Superior  district,  experiments  with,  269  et  seq.  Localities:  Alahama: 
Birmingham  district;  Clinton  {red  fossiliferous),  355,  364,  1089;  Tennessee: 
Enibreville,  140  ef  seq.  ;  Virniuia:  Barren  Springs  and  Iron  Gate  (brown  hematite), 
368;  experiments  with  ores  from  southwestern  counties,  269  et  seq. 

Iron-works:  England:  Tliorncliffe,  347;  iJu^io  .•  Lissitchansk,  1097. 

Isabella  gold-mine.  El  Paso  county,  Colo.,  visit  to  [xxxvi]. 

Isbell  copper-mine,  near  Archer  City,  Texas,  101  ei  seq. 

Jen-n-ey,  Walter  P.,  remarks  in  discussion  of  Mr.  F.  C.  Smith's  paper  on  tellurium 

in  gold-ores,  1103. 
.7ig-indicator  for  drawing  curves,  3  (-^  xe«/. 
Jig-tailings:  from  Idaho  silver-lead  ores,  assay  of,  630;  savings  and  losses  in,  620, 

623. 
Jigging:  laws  of,  6:  plunger-curves,  5  efspg. 
Jigs:  Collom,5  et  seq. ;  excentric,  with  adjustable  and  automatic  lower  discharge, 

278  ;  finishing-jigs,  1110;  Harz  excentric,  5  et  seq. ;  middle-product,  284  ;  plunger- 

3,  1034. 
John  Jay  gold  mine,  Boulder  county,  Colo.  [837].  ,     ,,    .       „     »    oio 

Johnson's  gold-mine,  Bendigo,  Victoria,  Australia,  ripple-marked  foot-wall  at,  210 ; 

"saddle"  at,  204. 
Johnson,  Guy  R.:   The  Emhrerille  Estate,  Tennessee  [xviii],  138. 
Jones  Clemens,  treatment  of  limoniteores  suggested  by  [355]. 
Jumbo  vein,  Enterprise  mine,  Rico.  Colo.,  character  of,  198,  224,  915  et  seq. 
Justice  silver-ore.  Aspen,  Colo.,  analysis  of,  56;  result  of  roasting  in  reverberatory 

furnace,  60. 
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Kansas  jjold-iniuo,  Gilpin  county,  Colo.  [840]. 

Kate  (Silver  Bar),  silver-mine,  Silver  Cliff  district,  Colo.,  803. 

Katherine  gold-mine,  Cripple  Creek  district,  Colo.,  561  et  sef/, 

Kebler,  Julian  a.,  remarks  in  discussion  of  electricity  in  mining,  1031. 

Keith,  N.  S.,  on  transmission  of  electric  power,  1032. 

Kelly,  William,  connection  of,  with  the  Bessemer  process,  930  et  seq. 

Kemp,  J.  F. :  Biographical  Notice  of  Gabriel  Augnste  Daiihree  [xxx],  823. 

Kendall  process  (cyanide),  714. 

Kent,  William:  remarks  in  discussion  of  physics  of  cast-iron,  1014  ;  on  coal-dust  as 

an  explosive  agent,  109  et  seq. 
Kentucky  Bill  gold-mine.  Cripple  Creek  district,  Colo.  [566]. 
Keystone  silver-mine.  Silver  Cliff  district,  Colo.  [801]. 
King  of  the  Valley  silver-mine.  Silver  Cliff  district,  Colo.  [802]. 
Kingston  School  of  Mining,  Ontario,  Can.,  methods  of  testing  ores  at,  187  et  seq. 
Kitchen  gold-  and  silver-mine,  Eico,  Colo.,  915  et  seq. 
Kladuo,  Bohemia,  steel-works  and  rolling-mills,  380  et  seq. 
Kokomo  silver-mine.  Ten  Mile  district,  Colo.  [840]. 
Kiistel  on  effect  of  roasting  on  tellurium-ores,  486. 

Lahoratory-Note  un  the  Heat-Conductivity,  Expansion  and  Fasihility  of  Fire-Brich  (Pen- 
nock)  [xxxi],  263;  discussion,  1069. 

Laboratory-Tests  in  Connection  with  the  E.ctraction  of  Gold  from  Ores  by  the  Cyanide- 
Process  (Furman)  [xxxiii],  721  (see  p.  1116). 

Lake  Superior  district:  experiments  with  iron-ores  of,  269  et  seq. ;  fossils  in  iron-ores 
of,  -^27  et  seq. 

Lake  of  the  Woods  district,  Ontario,  Can.,  gold-ores  of,  853  et  seq. 

Lakes,  Arthur  :  Sketch  of  a  Portion  of  the  Gunnison  Gold  Belt,  Including  the  Vnlcan  and 
Mammoth  Chimney  Mines  [xxxi],  440. 

Landis,  Edward  K.  :  remarks  in  discussion :  of  determinations  of  phosphorus  in 
steel,  1031 ;  of  physics  of  cast-iron,  1000. 

Lateral  secretion  theory  of  ore-deposition,  292  et  seq. 

Latrobe  Coal  Company,  Pa.,  coke-plant  of,  346,  348. 

Latrobe  steel-works,  Latrobe,  Pa.,  visit  to  [xxvi]. 

Laudig,  0.0  :  Action  of  Blast- Furnace  Gases  Upon  Various  Iron-Ores  [xxxi],  269;  dis- 
cussion [xxxii],  1061. 

Laura  gold-  and  silver-mine,  Eico,  Colo.  [973]. 

Lead,  hot  blast  in  smelting,  393. 

Lead-  and  zinc-mines:  France:  Allevard  [355];  Germany:  Friederichssegen  [355]; 
Ludwigseck  [355];  Sardinia:  Monteponi  [355];  Spain:  Mercadal  [355]. 

Leadville,  Colo.,  value  of  output  of  ore  of,  839. 

Ledebur,  Prof.,  on  physics  of  cast-iron,  1000. 

Ledoux,  A.  E.,  on  the  assay  of  copper-materials  for  gold  and  silver,  377. 

Legenisel  steel- works,  Paris,  France,  135. 

Leggett,  Thomas  H.,  remarks  in  discussion  of  electricity  in  mining,  1037. 

Lehigh  Zinc  and  Iron  Company,  South  Bethlehem,  Pa.,  magnetic-separation  practice 
of,  356,  364. 

Lewis,  James  F.  :  Biographical  Notice  of  J.  F.  Ilolloway  [xxx],  827. 

Lexington  silver-mine,  Butte  district,  Mont.  [599]. 

Lightning  arresters  of  electric  power-plant  at  Bodie,  Cal.,329, 

Lillie  gold-mine.  Cripple  Creek  district,  Colo.,  577. 

Lissitcimnsk  iron-works,  Enssia,  1097. 

Little  Annie  gold-mine,  Summitville  district,  Colo.  [843]. 

Little  Giant  gold-mine,  San  Juan  county,  Colo.  [842]. 

Little  Giant  gold-  and  silver-mine,  Wiirren,  Idaho,  1060. 

Little  Johnny  gold-mine,  Lake  county,  Colo.  [839]. 

Little  Pittsburgh  silver-mine,  Leadville,  Colo.  [839]. 
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Little  Rock  silvev-k'iul  mine,  Pitkin  county,  Colo.  [845]. 

Livin<;ston  mill,  Colo.,  c.vanido  process  at  [709]. 

Lixiviatiou  sulphides:  details  of  plant  for  treating,  244  e/ scg.;  sulphuric  acid  pro- 
cess of  treatinft,  :342  et  seq. 

Llancrch  colliery,  Monmouthshire,  England,  explosion  at,  130. 

Lock  on  the  result  of  roasting  tellurium-ores,  486. 

Locomotives,  electric,  417. 

Losses:  in  concentration  of  copper-  and  silver-ores  of  Butte  district,  Mont.,  G23;  in 
smelting-work,  in  present  practice,  .389  ef  seq.  ;  of  silver  in  cupellation,  473. 

Louis,  Henry  :  communication  in  discussion  :  of  Prof.  Eichards's  paper  on  the  cycle 
of  the  plunger-jig,  1034;  of  Mr.  Schuiitz's  paper  ou  copper-ores  in  the  Permian 
of  Texas,  lO.ll. 

Lucky  Gnss  gold-mine,  Cripple  Creek  district,  Colo.,  578. 

Lucky  Strike  gold-mine,  Gunnison  county,  Colo.  [444]. 

Ludwigseck  lead-  and  zinc-mine,  Germany  [3,55]. 

MacArthur-Forrest  process  of  gold  extraction,  737,  738. 

MacDonald,  Berxard,  remarks  in  discussion  of  Mr.  Goodale's  paper  ou  the  concen- 
tration of  ores  in  the  Butte  district,  Mont.,  1113. 

McKee  Brothers'  glass-works,  Jeaunette,  Pa.,  visit  to  [xxvi]. 

Magna  Charta  silver-mine,  Butte  district,  Mont.  [599]. 

Magnesite,  American  and  Grecian:  analyses  of,  268:  conductivity,  expansion  and 
fusibility  of,  266  et  seq. 

Magnetic  Observatio)is  in  Geological  Mapping  (Smyth)  [xxxii],  640. 

Magnetic  rocks  of  Marquette  and  Menominee  districts,  Mich.,  642  et  seq. 

Magnetic  concentration:  of  manganese  ores,  368;  rubber  belts  for  conveying  pur- 
poses, 78. 

Magnetic  separation  :  of  franklin ite-ore  at  Franklin  mines,  Sussex  county,  N.  J.,  356  ; 
of  non-magnetic  material,  351,  1089. 

Magnetic  Separation  of  Non-Magnetic  Material  (Wilkens  and  Nitze)  [xviii],  3.51;  dis- 
cussion, 1089. 

Magnetic  separators;  Wenstrom  [356] ;  Wetherill,  357  et  seq. 

Magnolia  gold-mine,  Boulder  county.  Colo.  [837]. 

Malago  Vale  colliery,  Bristol,  England,  explosions  at.  129. 

Malta  snielting-works.  Lake  county,  Colo.  [8.39]. 

Mammoth  Chimney  gold-mine,  Gunnison  county,  Colo.,  445. 

Mammoth  gold-  and  silver-mine,  Pinal  county,  Ariz.,  character  of  vein-walls,  214, 
233,  234. 

Manganese:  deposits  of  Arkansas,  phosphate-l)eds  in,  586;  determination  of,  in  steel, 
370;  effect  of,  on  cast-iron,  1001 ;  exhibition  of  a  sample  of  metallic,  xvii. 

Manganese-ores:  of  Butte  district,  Mont.,  606;  Cave  Spring,  Ga.,  magnetic  concentra- 
tion of,  363. 

Maps,  magnetic  observations  in  surveying  for  geological,  640. 

Marls,  greensand,  of  Arkansas,  594  et  seq. 

Marquette  iron  range,  Lake  Superior  district:  experiments  with  ii'on-ores  of,  269  et 
seq.  ;  geological  survey  of,  640  et  seq. 

Marsac  stamp-mill,  Park  City,  Utah,  242. 

Marteusite,  870,  876. 

Mattes,  handling  of,  at  western  smeltiug-vvorks,  38. 

Mechanical  Coke- Drainer  (Cook)  [xix],  347. 

Meetings  of  the  Institute:  in  Colorado,  September,  1896,  xxix;  list  of,  from  organi- 
zation to  February,  1897,  viii ;  at  Pittsburgh,  Pa.  (annual),  February,  1896,  xvii. 

Melvina  gold-mine,  Boulder  county,  Colo.  [837]. 

Members  and  Associates:  deaths  of,  xxii ;  election  of:  in  Colorado,  September,  1896, 
xxxiv;  by  mail,  April,  1896,  xxxiii;  at  Pittsburgh,  Pa.,  February,  1896,  xxiv. 

Menominee  iron  range.  Lake  Superior  district :  experiments  with  iron-ores  of,  269 
et  seq.  ;  geological  survey  of,  640  et  seq. 
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Mercadal  lead-  and  zinc-mines,  Spain  [35o]. 

Mercur  cyanide-works,  Tooele  county,  Utah,  709  et  seq. 

Mercur  gold-mine,  Tooele  county,  Utah  [7b"0]. 

Mercur  mining  district,  Utah:  character  of  ore-deposits,  296;  treatment  of  gold-ores 

of,  by  the  cyanide  process,  714  et  seq.  [760]. 
Mercuric  chloride  as  a  precipitant  of  gold,  750. 
Merrill,  Prof.  G.  P.,  on  the  occurrence  of  free  gold  in  granite,  290. 
Merritt,  William  Hamilton  :  The  Assay  by  Prospectors  of  Auriferous  Ores  and  Gravels 

by  Means  of  Amalgamation  and  the  Blowpipe  [xix],  187  ;  The  Occurrence  of  Gold-Ores 

in  the  Rainy  River  District,  Ontario,  Canada  [xxxii],  853. 
Mesabi  iron-range.  Lake  Superior  district,  experiments  with  irou-ores  of,  269  et  seq., 

1061. 
Metallic  Extraction  Company's  cyanide-works,  Fremont  county,  Colo.:   711,  713; 

electric-power  pumping-plant  at,  404  ;  visit  to,  xxxvii. 
Mexico,  gold-regions  of  Sonora  [294]. 

Micado  gold-mine.  Lake  of  the  Woods  district,  Ontario,  Can.,  value  of  ore,  859. 
Michigan  :  Marquette  iron-range,  640  et  seq. ;  Menominee  iron-range,  640  et  seq. 
Microstructure  of  Steel  and  the  Current   Theories  of  Hardening  (Sauveur)    [xxxi],  863 

(seep  1116). 
Middle-Product  Jig,  with  Adjustable  and  Automatic  Discharges  for  the  Middle  and  Lower 

Products  (Tuttle)  [xxxiii],  284. 
Mine-explosions  caused  by  coal-dust,  108  et  seq. 
Mine-waters  :  809  et  seq.  ;  analyses  of,  812,  813. 
Mineral  Hill  gold-mine,  Gunnison  county,  Colo.  [444]. 
Mining :  electric  power  in,  319,  402,  J071 ;  electric,  in  Eocky  Mountain  region,  402, 

1071 ;  gold  in  the  Guyanas,  S.  A.,  516  et  seq. ;  hydraulic,  at  Chestatee  gold-placer, 

Ga.,  62. 
Mining  industry  of  Colorado,  development  of,  831  et  seq. 
Mining  machinery,  electric,  412. 
Minnie  silver-mine.  Lake  county,  Colo.  [833]. 

Mobility  of  Molecules  of  Cast-Iron  (Outerbridge)  [xix],  176  (see  p.  997). 
Modern  Silver-Lead  Smelting-Plant  (Austin)  [xxxii],  388;  discussion,  1095. 
Moissan  on  carbon  in  pig-iron,  1001. 
Mollie  Gibson  silver-mine,  Pitkin  county,  Colo.,  845. 
Monarch  silver-mine,  Pitkin  county,  Colo.,  845. 

Montana:  concentration  of  ores  in  the   Butte  district,  599,  1108;  gold-  and  silver- 
bearing  veins  in  granite,  293  ;  treatment  of  ores  by  the  cyanide  process,  711  et  seq. 
Montana  gold-mine  (placer),  Surinam,  Guiana,  525. 

Montana  Mining  Company,  Ltd.,  Marysville,  Mont.,  1011;  stamp-mill  of,  33. 
Monteponi  lead-  and  zinc-mines,  Sardinia  [355]. 
Moon-Anchor  gold-mine.  Cripple  Creek  district,  Colo.,  569. 
Moose  gold-mine.  Cripple  Creek,  Colo.,  vein-walls  of,  238,  568;  visit  to  [xxxvi]. 
Moose  gold-mine,  Park  county,  Colo.,  846,  850. 

MoRisoN,  George  S.,  remarks  in  discussion  of  physics  of  cast-iron,  1019. 
Morovitz  gold-mine.  La  Plata  county,  Colo.  [844]. 
Moulton  silver-mine,  Butte  district,  Mont.  [-599]. 
Mount  Bross  mining  district,  Park  county,  Colo.,  850. 

Mount  Graham  gold-mines,  Pambula,  New  South  Wales,  character  of  deposit,  297. 
Mountain  View  copper-mine,  Butte  district,  Mont.  [599]. 
Mountain  View  silver-mine,  Silver  Clitt" district,  Colo.  [801]. 
Mueller's  and  de  Joug's  gold-mine  (placer),  Surinam,  Guiana,  525. 
Munroe's  law  of  jigging  (interstitial  currents),  6. 

National  Belle  silver-mine,  Ouray  county,  Colo.  [1057]. 
Nellie  silver-mine,  Custer  county,  Colo.  [777]. 
Nesmith  slag-pots  [44]. 
Nesmyth  hot-blast  stove,  399. 
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Nettie  silver-mine,  Butte  district,  Mont.  [599],  036;   vein-walls  of,  222. 

Nevada  silver-lcad-mine,  San  Mifruel  county,  Colo.  [844]. 

New  Annan.  Nova  Scotia,  copper  deposits,  10.")1. 

New  South  Wales:  Australian  Broken    Hill   Consols  silver-mine,  69  et  scq. ;  gold  in 

granitic  and  feldspathic  rocks,  297. 
Newman  hill,  Dolores  county,  Colo.,  ore-deposits,  909  el  seq. 
Newton-Chambers  coke-ovens,  340;  visit  of  Institute  to,  xxvi. 
Newtou- Chambers  Ftyntem  of  Saving  the  liij-Proilucls  of    Coke- Manaf act  are   in   Bee-Hive 

Ovetis  (Cook)  [xix],  340. 
Ni  Wot  gold-mine,  Boulder  county,  Colo.  [836]. 

Nigger  Baby  (now  Yellow  Jacket)  silver-mine,  Dolores  county,  Colo.  [843,  907], 
NiTZE,  H.  B.  C,  and  Wilkexs,  H.  A.  J.;   The  Magnetic  Separation  of  Non-Magnetic 

Material  [xviii],  351;  discussion,  10H9, 
Non-magnetic  material,  magnetic  separation  of,  351,  1089. 
North  Star  gold-mine,  Cripple  Creek  district,  Colo.,  5.59. 
Nortli  Star  gold-mine.  Grass  Valley,  Cal.,  use  of  electric  power  at,  1073. 
Note  on  Carbon  Bricks  in  the  Blast-Fnrnace  (Raymond)  [xviii],  185. 
Note  on  Copper  in  Iron  ami  Steel  (Raymond)  [xxxii],  531. 
Note  on  a  Shaft-Fire  and  its  Lesson  (BuowN)  [xxxi],  315. 
Notes  on  Convei/ing-Belts  and  Their  Use  (Robins)  [xviii],  78. 
Notes  on  the  Handling  of  Slags  and  Mattes  at  Smelting- Works  in  the  Western  United  Slates 

(Braden)  [xviii],  38. 
Notes  on  the  Walrand-Legenisel  Steel-Casting  Process  (Hollis)  [xviii],  134. 

Occurrence  and  Behavior  of  Tellnrinm  in  Gold-Ores,  More  Particularly  with  Reference  to 

the  Potsdam  Ores  of  the  Black  Ilills,  South  Dakota  (Smith)    [xxx],  485;   discussion, 

1103. 
Occurrence  of  Gold-Ores  in  the  Rainy  River  District,  Ontario,  Canada  (Merritt)  [xxxii], 

853. 
Occurrence  and  Treatment  of  Certain   Gold-Ores   of  Park   County,   Colorado  (Sadtler) 

[xxxii],  848. 
Officers  of  the  Institute:  for  1896,  vii;  election  of,  February,  1897,  xix. 
Oil-wells,  Florence.  Colo,  [xxxvii]. 
Old  Jordan  and  Galena  concentration-works.  Salt  Lake  county,  Utah,  plunger-jig 

measurements  and  curves  taken  at,  10,  24. 
Old  Lot  gold-mine,  Gunni.son  county,  Colo.  [444]. 
Omaha  and  Grant  Smelting  and  Refining  Company  [839] ;  smelting-works  at  Denver, 

Colo.,  xxxvi,  41,  399,  401 ;  at  Durango,  Colo.,  455 ;  at  Omaha,  Neb.,  51. 
Open-hearth  process,  Bertrand-Thiel,  380. 
Ophir  raining  (district,  San  Miguel  county,  Colo.,  844. 
Ore-bearing  veins  of  Rico,  Colo.,  mining  district,  "verticals"  and  cross-veins,  919 

et  seq. 
Ore-bodies,  structure  of  Alabama,  468. 
Ore-deposition,  lateral  secretion  theory  of,  292  et  seq. 
Ore-Deposits  of  the  Australian  Broken  Hill   Consols   Mine,  Broken  Hill,  New  South   Wales 

(Smith,  George)  [xviii],  69. 
Ore-deposits  of  Rico,  Colo.,  origin  of,  973. 
Ore-Shoots  of  Cripple  Creek  (Skewes)  [xxxii],  5.53. 
Oregon,  gold-  and  silver-mines  of,  194  et  seq. 

Organic  remains  frou)  tiie  Huronian  (?)  series,  at  Iron  Mountain,  Mich.,  527. 
Oriental  gold-mine,  Sin  Miguel  county,  Colo.  [843]. 
Orpha  May  gold-mine,  Cripple  Creek  district,  Colo.,  573. 

Osmond,  F. :  on  the  critical  points  of  steel,  864;   on  microstructure  of  steel,  869  et  seq. 
Ouachita  pho.sphate-region,  Ark.,  .593. 
Outerbridge,  A.  E. ;    The  Mobility  of  Molecules  of  Cast-iron  [xix],  176  (see  p.  997) ; 

remarks  in  discussion  of  physics  of  cast-iron,  1019,  1023. 
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OwKN,  Fkaxk.  conuiiuuicatioii  in  discussion  of  Mr.  Emj-Hss's  paper  on  the  accumula- 
tion of  amalgam  on  copper-plates,  1049. 

Packard,  George  A. :    The  Cynnide  Process  in  the  United  States  [xxxiii],  709   (see  p. 

1116). 
Pandora  silver-mine,  San  Miguel  county,  Colo.  [452],  843;  stamp-mill  [843]. 
Paramagnetic  metal,  352  et  seq. 
Park  county,  Colo.,  gold-ores,  848. 
Parrot  copper-mines,  Butte  district,  Mont.  [599];  assay  of  ore,  629;  treatment  of  ore, 

605  et  seq. 
Parrot  Silver  and  Copper  Company,  Mont.,  concentration-works  of,  601,  615. 
Pay  Eock  silver-mine.  Clear  Creek  county,  Colo.,  837. 
Pearce,  Eicliard:    address  of  welcome  by,  at  Denver,  Colo,  [xxix] ;    on  tellurium  in 

»gold-ores,  1106. 
Pearlyte,  870,  873. 

Pelican-Dives  silver-mine,  Clear  Creek  county,  Colo.,  837. 
Pennock,  J.  D. :  Lnborntory- Note  on  the  Heat-Conductivity,  Expansion  and  Fusibility  of 

Fire-Brick  [xxxi],  263:  discussion,  1060. 
Penrose.  R.  A.  F.,  Jr. :    on  the  geology  of  the  Cripple  Creek  district,  Colo.,  555,  557  ; 

on  manganese  deposits  of  Arkansas,  586;    on  the  ore-deposits  of  Cripple  Creek 

district,  Colo.,  295. 
Pennsylvania  Salt  Company's  works,  Xatrona,  Pa.,  visit  to  [xxvi]. 
People's  Light  and  Power  Company,  Aspen,  Colo.,  410. 
Percj'  silver-ore.  Aspen,  Colo. :  analysis  of,  56;  results  of  roasting  in  muffle,  Stetefeldt 

and  reverheratory  furnaces,  60. 
Pharmacist  gold-mine.  Cripple  Creek  district,  Colo.,  575. 
Philadelphia   Smelting  and  Refining  Company,  visit  to  lead-smelting  works  of,  at 

Pueblo.  Colo,  [xxxvii]. 
Phillips,  William  B.:    remarks  in  discussion  of  the  paper  by  Messrs.  Wilkens  and 

Nitze  on  magnetic  separation  of  non-magnetic  material,  1089;  tests  of  fossil-ores 

by  [355],  .36.5. 
Phoenix  silver-mine,  Dolores  county,  Colo.  [907]. 
Phosphate- Deposiis  of  Arkansas  (Branxer)  [xxxii],  .580. 
Phosphates :    analyses  of  Arkansas,  58.5,  .588,  591,  592,  596;    of  Arkansas,  .580  et  seq.  ; 

nodules  in  Sylamore  sandstone.  Ark.,  581  et  seq. ;  in  Ouachita  region,  Ark.,  593. 
Phosphoric  iron-ores,  effect  of  additions  of  titauiferous  ores  to,  in  the  blast-furnace, 

144. 
Phosphorus:    in  cast-iron,  1001;    determination  of,  in  pig-iron,  373  ;  determination 

of,  in  steel,  1031. 
Physical  tests  for  the  product  of  tiie  blast-furnace,  149. 

Physics  of  Cast-Iron  (continued  discussion  of  Mr.  Webster's  paper)  [xix]  997. 
Pig-iron  :  analyses  of,  146  et  seq.,  1007  ;  carbon  in,  1001 ;  determination  of  phosphorus 

in,  .373. 
Pike's  Peak  gold-mine.  Cripple  Creek  district,  Colo.,  574. 
Pilot  gold-mine,  Lake  county,  Colo.  [838]. 

Pine  Portage  gold-mine.  Lake  of  the  Woods  district,  Ontario,  Can.,  856  et  seq. 
Pittsburgh,  Pa.:  meeting  (annual)  of  the  Institute  at,  February,  1896,  xvii;  visit  to 

manufactories  of,  x.xvi. 
Placer  gold-mining:  in  Alabama,  465 e^se*/. ;  on  Chestatee  river,  Lumpkin  county,  Ga. 

62;  in  Colorado,  838;  in  the  Guyanas,  S.  A.,  516  et  seq. 
Placer-mining  machinery,  electric,  418. 

Pleasant  Valley  Coal  Company,  Castle  Gate,  Utah,  electric  power  used  by,  404. 
Pliicker  on  the  magnetic  attractability  of  iron  and  other  substances,  1093. 
Plunger-jig,  cycle  of,  3  et  seq.,  1034. 
Plutonic  rocks,  gold  in,  290  et  seq. 
Pocahontas  silver-mine,  Rosita  district,  Colo.,  775,  777. 
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Polonia  silver-mine,  Custer  county,  Colo.  [777]. 

Poutjribaud  silver-lead  deposits,  France,  200  [202],  231. 

Poorman  silver-mine,  Boulder  county,  Colo.  [837]. 

Porphyrite  dikes  in  Rico,  Colo.,  gold-  and  silver-mines,  958  et  seq. 

POKTER,  J.  A.-   The  Smitgfller- Union  Mines,  TeUuride,  Colonido  [xxxi],449. 

Portland  gold-mine,  Cripple  Creek  district,  Colo.,  578. 

Potash,  378. 

Potsdam  ore-bodies  of  Black  Hills,  S.  Dak.,  microscopic  examination  of,  4!)(). 

Potsdam  sandstone  of  Black  Hills,  S.  Dak.,  tellurium  in  gold-ores  of,  48."),  1103. 

Potter  and  Hollis  Foundry  Company,  Chicago,  steel-works  of,  135,  13G. 

Precipitation  and  solution  of  the  cyanide  of  gold,  735  et  seq. 

Prestwich  on  temperature  of  underground  waters  [240]. 

Pre-Taconic  organisms,  editorial  on,  from  the  American  Geologists,  533. 

Pride  of  Aspen  silver-ore.  Aspen,  Colo.,  analysis  of,  56. 

Prince  Albert  gold-mine.  Cripple  Creek  district,  Colo.,  579,  978. 

Printer  Boy  gold-mine,  Lake  county,  Colo.  [83S]. 

Printer  Boy  Hill  mining  district,  Lake  county,  Colo.,  838. 

Priwoznik,  Dr.  E.,  on  the  treatment  of  tellnriferous  gold-  and  silver-ores,  498. 

Przibram,  Bohemian,  lead-  and  zinc-deposits  [355]. 

Proceedings  of  ^Meetings  (see  Meetings). 

Production  :  of  Cripple  Creek  mining  district,  Colo.,  847 ;  of  gold,  Black  Hills,  S.  Dak., 

1104;  of  gold  and  silver  in  Colorado,  848;   gold-yield  of  Ontario,  Can.,  860;  of 

silver  in  Aspen,  Colo.,  1892,845. 
Publications  of  the  Institute,  x. 
Pueblo  Smelting  and  Refining  Company,  Pueblo,  Colo.,  visit  to  lead-smelting  works 

of  [.xxxvii]. 
Pumps:  electric,  415;  Roots  rotary,  622. 

Racine  Boy  silver-mine.  Silver  Clift'  district,  Colo.  [802]. 

Rainbow  gold-  and  silver-mines,  Silverbow  county,  Mont.,  294,  599. 

Rainy  River  district,  Ontario,  Can.,  gold-ores  of,  853  et  seq- 

Eapid  Section- Work  in  Hurisontal  Eoclcs  {CAMPBEhL)  [xxxi],  298. 

Raven  gold-mine,  Cripple  Creek  district,  Colo.,  567. 

Raven  Hill  gold-mines,  Cripple  Creek  district,  Colo.,  558. 

R.WMOND,  R.  W. :  Bio(ir(iphicnl  Notice  of  Charles  A.  Stetefeldt  [xxx],  537 ;  Note  on  Carbon' 
Bricks  in  the  Blust-Fnrnace  [xviii],  185;  Note  on  Copper  in  Iron  and  Steel  [xxxii], 
534;  remarks  in  discussion  on  the  effect  of  vibration  upon  the  structure  of 
wrought-iron,  1028;  of  electricity  in  mining,  1082  ;  of  physics  of  cast-iron,  1020  ; 
of  the  paper  by  Messrs.  Wilkens  and  Nitze  on  magnetic  separation  of  non- 
magnetic material,  1093. 

Rebecca  gold-mine.  El  Paso  county,  Colo.,  visit  to  [xxxvi]. 

Red  Cloud  gold-mine,  Gold  Hill  district,  Colo.,  837. 

Red  Mountain  mining  district,  Ouray  county,  Colo.,  842,  10.57. 

Reduction-works:  Montana:  Silverbow  county;  Butte  [600],  613  [1110]. 

Revenue  silver-mine.  San  Miguel  countj',  Colo.  [453]. 

Revenue  Tunnel  mill,  Ouray,  Colo.:  electric  power-plant,  410 ;  plunger-jig  measure- 
ments and  curves  taken  at,  10,  24,  30. 

Rhyolite  area.  Silver  Cliff  district,  Colo.,  mines  in,  800. 

Ribbon-structure:  of  gold-bearing  ore-veins,  202  et  seq.;  at  Rico,  Colo.,  gold-  and  sil- 
ver-mines, 224,  929  et  seq. 

RiCH.\Ki)S,  Robert  H. :  The  Cycle  of  the  Plnnger-.Iiri  [xviii],  3;  discussion,  10.34;  re- 
marks in  discussion  :  of  his  paper  on  the  plunger-jig,  10.36;  of  Mr.  Goodale's  paper 
on  concentration  of  ores  in  tlie  Butte  district,  Mont.,  1108. 

RiCKARD,  T.  A.:  The  Development  of  Colorado's  Mining  Inditstri/  [xxx],  831;  The  Enter- 
prise Mine.  Rico.  Colorado  [xxxi],  906;   Vein-Walls  [xix],  193;  discussion,  1053. 

Rico-Aspen  gold-  and  silver-mine,  Rico,  Colo.  [909],  916  et  seq. 
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Rico,  Colo.,  gold- aiifl  silver-mines:  the  contact,  960;  country-rocks,  913;  cross-veins, 
940;  faultino;,  921  et  seq. ;  history  of  district,  906  ;  ore-occurrence,  918;  origin  of 
ore-deposits,  973;  porphyrite  dikes,  958  et  seq.  ;  ribbon-structure,  224,  929  et  seq.; 
vertical  ore-veins,  919. 

Kinder,  F.,  method  of  precipitating  gold  by  means  of  zinc  chloride,  768. 

Eittinger's  laws  of  jigging,  6  et  seq. 

Eoaring  Fork  Electric  Light  and  Power  Company,  Aspen,  Colo.,  410. 

Roaring  Fork  mining  district.  Pitkin  county,  Colo..  845. 

Roasting:  tellurium-ores,  experiments  in,  492,  1106;  volatilization  of  silver  in  chlori- 
dizing,  53. 

ROBIXS,  Thomas,  Jr.:  Xntes  on  Coiiveiiinq- Belts  and  Their  Use  [xviii],  78. 

Robinson  gold-mine,  Johannesburg,  So.  African  Uep.,  cyanide  plant  at,  735. 

Robinson  silver-mine.  Ten  Mile  district,  Colo.  [840]. 

Rock-phosphates  of  Arkansas,  description  and  analyses  of,  580  et  seq. 

Rock  silver-mine,  Lake  county,  Colo.  [839]. 

Rock  Springs  coal-mines,  Wyoming  [621]. 

Rocky  Mountain  region,  electric  mining  in,  402,  1071. 

Roll-shells  for  casting  crushing-rolls,  638. 

Roots  rotary  pump,  622. 

Rossi.  Auguste  J.:  The  Effect  of  Additions  of  Titaniferoiis  to  Phosphoric  Iron-Ores  in 
the  Blast-Fnrnace  [xviii],  144  (see  p.  997). 

Rosita  and  Silver  Cliff  districts,  Custer  county,  Colo.:  discovery  and  development  of 
mines,  774;  geological  history,  775;  topography,  774. 

Rouse  iron-mine,  Huerfano  county,  Coio.,  electric  power-plant  at,  1077,  1031,  1084. 

Royal  smelting-works,  Zalathna,  Transylvania,  498. 

Rubber  conveying-belts.  78. 

Rules  of  the  Institute,  xiii;  amendments  to,  xxiii. 

Russell  process  for  lixiviation  of  silver-ores  [242,  259]. 

Saddle-reef  type  of  lode-structure,  202  et  seq. 

Sadtler,  B.  :  ITie  Occurrence  and  Treitment  of  Certain  Gold-Ores  of  Park  County,  Colo- 
rado [xxxii],  848. 

San  Francisco  gold-  and  silver-mines,  Sonora,  Mexico,  295. 

Sau  Juan  mining  district,  Colo.,  906  et  seq. 

San  Juan  Smelting  and  Refining  Company,  Colo.,  842. 

San  Miguel  Consolidated  Mining  Company,  Telluride,  Colo.,  electric  power-plant  of, 
41L 

"Saprolite"  diggings  in  Alabama  and  Georgia  gold-fields,  465. 

Saratoga  gold-mine,  Gilpin  county,  Colo.,  visit  to  [sxsvii]. 

Sardinia,  Monteponi  lead-  and  zinc-mines  [3.55]. 

Sauveur,  Albert:  The  Microstructiire  of  Steel  and  the  Current  Theories  of  Hardening 
[xxxi],  863  (see  p.  1116). 

Savanna  gold-mine  (placer),  Surinam,  Guiana,  525. 

Scheidell,  Dr.,  on  the  cyanide  process,  760. 

ScHMiTZ,  E.  J. :  Copper-Ores  in  the  Permian  of  Texas  [xix],  97;  discussion  [xxxii],  1051. 

ScHWARZ,  T.  E.,  remarks  in  discussion  of  Mr.  Rickard's  paper  on  vein-wails,  1056. 

Sea-water,  deposition  of  gold  from,  291. 

Searing,  Mr.,  report  of,  on  the  electric  power-plant  at  Rouse  iron-mine,  Huerfano 
county,  Colo.,  1084. 

Secretary  and  Treasurer,  financial  statement  of,  for  year  ending  February  1,  1897,  xx. 

Section-work,  rapid,  in  horizontal  rocks,  298. 

Security-Geyser  silver-mine.  Silver  Cliff  district,  Colo.,  803. 

Seven-Thirty  silver-mine,  Clear  Creek  county,  Colo.,  vein-walls  of,  210. 

Shaft-fire  at  Standard  mine,  Bodic,  Cal.,  315. 

Shenandoah  gold-mine,  Bendigo.  Victoria,  Australia,  ore-veins  of,  204. 

Sheridan  silver-mine,  San  Miguel  county,  Colo.,  450  [843 J. 
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Slierniau  Mountain  mining  district,  Cleai"  Creek  county,  Colo.,  837. 

Silica  fire-brick  :  analysis  of,  268;  conductivity,  expansiou  and  fusibility  of,  266  et  seq. 

Silicon,  effect  of,  on  cast-iron,  1001.  * 

Silver:  electro-metallurgy  of,  419;  losses  in  cupellation,  173;  volatilization  of,  in 
cbloridizing-roastiug,  53. 

Silver  Bar  (Kate)  silver-mine,  Silver  Cliff  district,  Colo.,  803. 

Silver  Belle  silver-lead-mine,  Sau  Miguel  county,  Colo.  [844]. 

Silver  Bow  silver-copper  mine,  Butte  district,  Mont.,  5J)9;  ivssay  of  ore,  G29. 

Silver  Cliff  mining  district,  Custer  county,  Colo.,  773  et  seq. 

Silver  Cliff  silver-mine,  Silver  Cliff  district,  Colo.  [802,  803]. 

Silver  Hill  gold  district,  Ala.,  470. 

Silver  Lake  silver-mines,  Silverton,  Colo.,  electric  power-plant  at  [403],  411  [414],  1076, 
1078. 

Silver-lead-mines  ;  Colorado:  Pitkin  county  ;  Galena,  845;  Little  Eock  [845]  ;  Smug- 
gler, 845 ;  Spar  [845] ;  San  Miguel  county;  Caribou  [844] ;  Nevada  [844] ;  Silver 
Belle  [844]  ;  Summit,  844  ;  Valley  View  [844]. 

Silver-lead  ores  of  Cceur  d'Alene  region,  Idaho,  630. 

Silver-lead  ore-veins,  Poutgibaud,  France,  200  [202],  231. 

Silver-lead  smelting-plant,  388,  1095. 

Silver-Losnes  in  Cupellatiou  (Godshall)  [xxxi],  473. 

Silver-mines:  United  States:  Colorado:  Boulder  county;  Poorman  [837];  Clear 
Creek  county;  Cory  City  [837];  Dunderberg  [837];  Freeland  [837];  Hukill 
[837]:  Pay  Rock,  837;  Pelican-Dives,  837;  Seven-Thirty,  210;  Terrible  [837]; 
Custer  county;  Bassick  (gold  and  silver),  775,782;  Ben  Eaton,  818;  Boulder, 
[803];  Bull-Domingo,  775,  792;  Democrat,  818;  Geyser  (Security)  [791],  803; 
Hard  Cash  [777];  Horton  [777];  Humboldt-Pocahontas,  775,  777;  Immortal 
[801]  ;  Keystone  [801] ;  King  of  the  Valley  [803] ;  Mountain  View  [801] ;  Nellie 
[777];  Polonia[777];  Racine  Boy  [802];  Silver  Bar  (Kate),  803;  Silver  Cliff"  [802, 
803];  Sleeping  Pet  [777];  Songbird,  801;  Soutiicast  Leviathan  [778];  Summit 
[777] ;  Sunrise  [801]  ;  Twenty-Six  [777] ;  Vauderbilt,  801  et  seq.  ;  Virginian  [778] ; 
Dolores  couuty  ;  Atlantic  Cable  [843],  907,  917;  Aztec  (Dolores)  [843],  907;  Grand 
View  [843,  907,  909];  Phoenix  [907];  Yellow  Jacket  (Nigger  Baby)  [843],  907; 
Lake  county  ;  A.  Y.  [838];  Crown  Point  [208]  ;  Little  Pittsburgh  [839];  Minnie 
[838];  Rock  [839] ;  Mineral  county,  Amethyst-Last  Chance,  237;  Ouray  county; 
American  Belle  [843] ;  Carbon  Lake,  842  ;  Geiiesee-Vanderbilt,  1057  et  seq.  ;  Guston 
[843,  1057]  ;  Natiocal  Belle  [1057];  Virginius,  410  [415],  1078;  Yankee  Girl, 
842,  lObl  et  seq. ;  Pitkin  couuty;  Alta  Argent,  414,1080;  Aspen  [845];  Aspen 
Compromise  [845]  ;  Compromise  [845]  ;  Delia  S.  [414],  1079  et  seq. ;  Free  Silver, 
414,1079;  MoUie  Gibson,  845;  Monarch,  845;  Saguache  range;  Homestake,  839; 
Sau  Juan  couuty;  Silver  Lake  [403],  411  [414],  1076,1078;  San  Miguel  county; 
Pandora  [452],  843  ;  Revenue  [453]  ;  Sheridan,  450  [843];  Smuggler-Union,  449; 
Summit  county  ;  Kokomo  [840];  Robinson  [840];  Montana:  Silverbow  county ; 
Alice  [599] ;  Blue  Bird  [599] :  Burlington  [599]  ;  Grey  Eock  (silver-copper),  628; 
Lexington  [599] ;  Magna  Charta  [599] ;  Moulton  [599] ;  Nettie,  222  [599],  636; 
Silver  Bow  [629].  Foreign  Countries:  Au.ftraHa:  New  South  Wales;  Austra- 
lian Broken  Hill  Consols,  69;   Germany:  Saxony;  Drei  Prinzen  [226]. 

Silver-ores:  analyses  of,  56,  636,  639,  808  ;  cyanide  process  applied  to,  710  ;  experi- 
ments in  chloridizing  Aspen,  Colo.,  ores,  results  of,  56  et  seq.;  of  Wood  River  dis- 
trict, Idalio,  1105. 

Sinters  froui  Geyser  silver-mine,  Colo.,  analyses  of,  811. 

Skeptical  gold-  and  silver-mine,  Rico,  Colo.  [916]. 

Sketch  of  a  Portion  of  the  Gunnison  Gold  Belt,  Including  the  Vulcan  and  Mammoth  Chimney 
Mines  (Lakes)  [xxxi],  440. 

Skewes,  Edward:   2'he  Ore-Shoots  of  Cripple  Creek  [xxku],  553. 

Slag-pots:  Devereux,  41  e<.«eg. ;  Ncsmith  [44]. 

Slag-tiles  from  blast-furnace  slag,  52. 


1138  INDEX. 

Slags:  handling  of,  at  western  smelting-works,  3S;  method  for  dumping,  401 ;  sepa- 
ration of,  from  matte  in  smelting  works,  400. 
Sleeping  Pet  silver-mine.  Custer  county,  Colo.  [777]. 
Slide  gold-mine,  Boulder  county,  Colo,  [837]. 

Slimes,  classification  of.  for  vanner  work  in  Butte,  Mont.,  mills,  635. 

Smelting-works  (see  also  chlorination-works,  concentration-works,  etc.) :  Colorado  ' 
Arapahoe  county;  Omalia  and  Grant,  xxxvi,  41,  399,  401  ;  Gilpin  county;  Black 
Hawk,  841 ;  La  Plata  county ;  Omaha  and  Grant,  4i55;  Lake  county  ;  American, 
50;  Arkansas  Valley,  43;  Malta  [839];  Pitkin  county;  Holden,  54;  Pueblo 
county;  Colorado  Smelting  Company's  [xxxvii] ;  Philadelphia  Smelting  and  Re- 
fining Company's  [xxxvii] ;  Pueblo  Smelting  and  Refining  Company's  [xxxvii]; 
San  Juan  county ;  Green  and  Company,  842 ;  San  Juan  Smelting  and  Refining 
Company,  842;  San  Miguel  county;  Ames,  844;  Montnni:  Cascade  county;  Bos- 
ton and  Montana  Company's,  .39;  United  Smelting  and  Refining  Company's,  40; 
Silverbow  county  ;  Anaconda  [1110];  Nebrnsl-a :  Douglas  county  ;  Omaha  and 
Grant.  51;  Utah:  Jordan  Valley;  Hanauer,  52;  Chili:  Santiago  de  Chili  [52]; 
Hungary:  Transylvania;  Zalathna,  498. 

Smith,  Dr.  E.  A.:  on  the  green  schists  of  Alabama,  467;  on  the  structure  of  Alabama 
ore-bodies,  468. 

Smith,  Frank  Clemes;  The  Occurrence  and  Behavior  of  TeUitrium  in  Gold-Ores,  More 
Particularly  with  Reference  to  the  Potsdam  Ores  of  the  Black  Hills,  South  Dakota 
[xxx],  485 ;  discussion,  1103. 

Smith,  George:  The  Ore-Deposits  of  the  Australian  Broken  Hill  Consols  Mine.  Broken 
Hill,  New  South  Wales  [xviii],  69. 

Smuggler  mill,  Pitkin  county,  Colo.,  plunger-jig  measurements  and  curves  taken  at, 
11,  25  e.t  seq. 

Smuggler  silver-lead-mine,  Pitkin  county,  Colo..  845;  analysis  of  ore,  56;  result  of 
roasting  ore  in  muffle  furnace,  60. 

Smuggler-Union  Mines,  Telluri.de,  Colorado  (Porter)  [xxxi],  449. 

Smuggler-Union  silver-mines,  San  Miguel  county,  Colo.,  449,  843;  analyses  and  as- 
says of  ore  and  concentrates,  454,  455. 

Smyth,  Henry  Lloyd:  Magnetic  Observations  in  Geological  Mapping  [xxxii],  640. 

Sodium  dioxide,  use  of,  in  the  cyanide  process,  713,  714. 

Soil,  analyses  of,  379. 

Solution  and  Precipitation  of  the  Cyanide  of  Gold  (Christy)  [xxxiii],  735  (see  p.  1116). 

Some  Mines  of  Rosita  and  Silver  Cliff,  Colorado  (Emmons)  [xxxii],  773. 

Songbird  gold-  and  silver-mine,  Rico,  Colo.,  909  et  seq. 

Songbird  silver-mine.  Silver  Cliff  district,  Colo.,  801. 

South  Africa,  treatment  of  ores  by  the  cyanide  process  in,  735,  736. 

South  Dakota:  tellurium  in  Potsdam  gold-ores  of  the  Black  Hills,  485,  1103;  treat- 
ment of  Black  Hills  ores  by  the  cyanide  process,  710  et  seq. 

South  Park  Mining  Company's  electric  placer-mining  plant  at  Green  River,  Utah 
[418]. 

Southeast  Leviathan  silver-mine.  Custer  county,  Colo.  [778]. 

Spain,  Mercadal  lead-  and  zinc-mines  [355]. 

Spar  silver-lead-mine,  Pitkin  county,  Colo.  [845]. 

Spearman  blast-furnace,  Sliarpsville,  Pa.,  physical  tests  of  iron  from,  1.54. 

Specifications  of  Pennsylvania  R.  R.  Company  for  cast-iron  wheels,  1008. 

Sperry,  Edwin  a.:  Tlie  Use  of  the  Tremain  Steam-Stamp  tvith  Amalgamation  [xxxii],  545. 

Spring  Mountain  copper-ores,  Texas,  107. 

Stamp-mill  practice:  accumulation  of  amalgam  on  copper  plates,  33,  10.39;  use  of 
Tremain  steam-stamp,  545. 

Stamp-mills:  California:  Mono  county;  Standard  Consolidated.  1043  et  seq.;  Colo- 
rado: Gilpin  county;  Hidden  Treasure,  1041,  1047;  San  .Miguel  county;  Pandora 
[843];  Montana:  Lewis  and  Clarke  county:  Montaiui  Mining  Company,  Drum 
Lunimon,  33  et  seq.,  1039,  1048,  1049;    South  Dakota:  Hlaek    Hills;    Homestake, 
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stamp-mills— Co/i//H((«7. 

not;  Utah:  Summit  county;  Marsac,  242;   Colnmhia:  (leiiartmoiit  of  Antiociuia; 
El  Silencio,  10r»0. 

Standard  Consolidated  stamp-mill,  Rodie,  Cal.,1043  et  seq. 

Standard  Consolidated  Mining  Company,  Bodie,  Cal.,  additions  to  electric  power- 
plant  of,  319. 

Standard  Fire  Hrick  Company,  Pueblo,  Colo.  [993]. 

Standard  gold-  and  silver-mine,  Kodie,  (^al.,  shaft-fire  at,  31.'>. 

Standard  Physical  Testa  for  the  I'rodiicl  of  the  Blast-Fnruace,  aud  ihrir  Vahie  (West) 
[xix],  149  (see  p.  997j. 

Steam-stamps:  Cornish  rolls  and,  in  concentration-works  of  Butte  district,  Mont., 
COT;  Tremain,  use  of,  with  amalgamation,  545. 

Steel:  critical  points  of,  863;  determination  of  manganese  iu,  370;  determination  of 
phosphorus  in,  1031 ;  development  of  ])olished  sections,  808 ;  hardening,  current 
theories  of,  8()3  et  seq. ;  microscopic  constituents  of,  870;  microstructural  compo- 
sition of  some  quenched  carbon-,  879;  microstructure  of,  863  e/  seq.;  theoretical 
microstructural  composition  of  unliardened  carbon-,  875;  Walrund-Legenisel 
process,  134. 

Steel  rails,  efl'ect  of  copper  on,  534. 

Steel-works:  Colorado:  Pueblo  county  ;  Colorado  Fuel  and  Iron  Company's  [xxxvii]; 
llUnoh :  Chicago;  Potter  and  Mollis  Foundry  Company,  135,  136;  Peinisi/lrania  : 
Allegheny  county;  Edgar  Thomson  [xxv] ;  Homestead  [xxv] ;  Westmoreland 
county;  Latrobe  [xxvi] ;  Bohemia:  Kladno,  380  et  seq.;  France:  CJreusot,  136; 
Paris;  Eugene  Legenisel,  135;    Gerniany :  Westphalia;  Hagen,  13(). 

Sterling  iron-mines,  Rockland  county,  N.  Y.  [145]. 

Sterling  Iron  and  Zinc  Company,  Franklin,  N.  J.,  magnetic-separation  jilant  of,  364. 

Stetefeldt,  Charles  A.:  biographical  notice  of,  537;  on  lixiviatio;i  of  silver-ores,  53  et 
seq.,  242;  on  roasting-tests  for  ore,  55. 

Stetefeldt  furnace,  .54  et  seq. 

Stone,  G.  C,  on  the  determination  of  manganese  in  spiegel,  371. 

Strong  gold-mine.  El  Paso  county,  Colo.,  visit  to  [xxxvi]. 

Stuart,  Donald  M.  D.  :  Coid-Dust  as  an  Explosive  Agent  [xix],  108. 

Sub-carbide  theory.  Prof.  Arnold's,  of  hariiening  ateel,  891,  895. 

Sulphides,  assays  of,  243,  2.55  et  seq. 

Sulphur,  effect  of,  on  cast-iron,  1001. 

Sulphuric  Acid  Process  of  Treating  Li.nviation  Sidphides  (Dewey)  [xxxii],  242. 

Sultana  gold-mine.  Lake  of  the  Woods  district,  Ontario,  Can.,  857  et  seq. 

Summit  silver-lead-mine,  San  Miguel  county,  Colo.,  844. 

Summit  silver-mine,  Custer  countj',  Colo.  [777]. 

Sunday  Reef  gold-mine,  Victoria,  Australia,  ore  bearing  veins  of,  198. 

Sunrise  silver-mine,  Silver  Cliff  district,  Colo.  [801]. 

Swansea  Gold  and  Silver  Mining  Company,  Dolores  countj',  Colo.,  mines  of,  909  et  seq. 

SWEETSER,  Ralph  H.,  remarks  in  discussion  of  Mr.  Laudig's  paper  on  the  action  of 
blast-furnace  gases  upon  iron-ores,  1070. 

Sylamore  sandstone.  Ark.,  pliosphatic  nodules  in,  581  et  seq. 

Sylvauite  silver-ore.  Aspen,  Colo.,  analysis  of,  56. 

Tailings:  amalgamation  of  concentrator-,  636;  assay  of  concentrator-,  6.37 ;  assay  of 

jig-,  from  Idaho  silver-lead  ores,  ()30;  method  of  sampling  vanner-,  1110  ;  savings 

and  losses  in  Jig-,  620,  623;  tests  on  vanner-,  633. 
Taylor  sampling-works.  El  Paso  county,  Colo,,  visit  to  [xxxvi]. 
Tellurium  :  effect  of,  on  metallurgical  processes,  498;  losses  of  gold  and  silver  caused 

by,  495;  occurrence  and  behavior  of,  iu  gold-ores,  485  et  seq.,  1103. 
Tellurium-ores:  analyses  of,  491,  492;  a.ssays  of,  487  et  seq.;  of  Black  Hills,  S.  Dak., 

4Hr,  et  seq.,  1103  ;  of  Colorado.  487  e<  sp^.  ,  1106;  experiments  in  roasting,  492, 1106; 

of  Hungary,  498  et  seq. ;  treatment  of,  at  European  sniclting-works,  493  et  seq. 
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Ten  Mile  mining  district,  Summit  county,  Colo.,  840. 

Tennessee-Enil)reville  estate,  138;  experiments  with  iron-ores  of,  27(5,  277. 

Tt>nnessee  C.  I.  and  K.  11.  Company,  tests  of  Clinton  fossil-ores  by,  365. 

Terrible  silver-mine,  Sherman  Mountain  district,  Colo.  [837]. 

Test-bars,  operation  of  casting,  158  et  seq. 

Tests:  of  absorption  of  gold  and  silver  by  copper -plates  in  the  Standard  Consolidated 
mill,  Bodie,  Cal.,  1044;  of  car-wheel  mixtures,  1005;  of  cast-iron,  149,  165,  176; 
standard  pliysical,  for  the  pi-oduct  of  the  blast-furnace,  149 ;  for  transverse  sti'ength 
of  test-bars,  182;  on  vanner- tailings,  633. 

Texas,  copper-ores  in  Permian  measures  of,  97,  1051. 

Thacki-ay,  G.  E.,  on  phosphorus  determinations  [373],  1031. 

Thomson  gold-mine.  Cripple  Creek  district,  Colo.,  566. 

Thorucliffe  collieries,  Sheffield,  England,  coke-plant  at,  341. 

Thorucliffe  iron-works,  near  Sheffield,  England,  347. 

Timsbury  collieries,  Somersetshire,  England,  explosion  at,  120. 

Titaniferous  iron-ores,  effect  of  additions  of,  to  phosphoric  ores  in  the  blast-furnace, 
144. 

Tomboy  gold-mine,  San  Miguel  county,  Colo.,  843. 

TowNSEND,  David,  remarks  in  discussion  of  physics  of  cast-iron,  1021. 

Traces  of  Organic  Remains  From  the  Hiironian  (?)  Series,  at  Iron  Mountain,  Mich.,  Etc. 
(Gresley)  [sxxii],  527. 

Treadwell  gold-mine,  Alaska,  character  of  ore,  294. 

Tremain  steam-stamp,  use  of,  with  amalgaaiation,  545. 

TuTTLE,  Edgar  G. ;  Excentric  Jig,  with  Adjustable  and  Automatic  Lower  Discharge  Ar- 
ranged for  the  Full  Width  of  the  Bed  and  for  One  or  More  Compartments  [xxxiii], 
278 ;  Middle- Product  Jig,  with  Adjustable  and  Automatic  Discharges  for  the  Middle 
and  Lower  Products  [xxxiii],  284. 

Twenty-Six  silver-mine,  Custer  county,  Colo.  [777]. 

Tylorstown  colliery.  South  Wales,  explosion  at,  133  (footnote). 

Union  and  Companion  gold-  and  silver-mine.  Cornucopia,  Oregon,  vein-walls,  194, 
213. 

Union  Pacific  Coal  Company,  Eock  Springs,  Wyoming,  use  of  electric  power  by,  404. 

United  Oil  Company,  Florence,  Colo.,  visit  to  oil-wells  and  refinery  of,  xxxvii. 

United  Smelting  and  Refining  Company,  smelting-works  of,  near  Great  Falls,  Mon- 
tana, 40. 

Use  of  the  Tremain  Steam-Stamp  with  Amalgamation  (Sperry)  [xxxii],  .545. 

Utah:  Mercur  mining  district,  296;  treatment  of  ores  by  the  cyanide  process,  709 
et  seq. 

Utica  gold-mine,  Calaveras  county,  Cal.  [216]. 

Valley  View  silver-lead-mine,  San  Miguel  county,  Colo.  [844]. 

Vanderbilt  silver-mine.  Silver  CliflF  district,  Colo.,  801  et  seq. 

Vanner-belts,  "banks"  on,  1111. 

Vanner-tailings:  method  of  sampling,  1110;  tests  on,  in  concentration-works,  Butte, 
Mont.,  633. 

Vein-fissures  of  Cripple  Creek  gold  district,  Colo.,  556  et  seq. 

Veiyi-Walls  (Kickard)  [xix],  193:  discussion,  1053. 

Ventilation  of  mines,  electric  blowers  lor,  416. 

Vermilion  range.  Lake  Superior  district,  experiments  with  iron-ores  of,  269  et  seq. 

Vezin,  Henry  A.,  remarks  in  discussion  of  Mr.  Austin's  paper  on  a  modern  silver- 
lead  smelting-plant,  1095. 

Vibration,  effect  of,  upon  the  structure  of  wrought-iron,  1026. 

Victor  gold-mine,  Cripple  Creek  district,  Colo.,  .577. 

Victor  sainpling-works.  El  Paso  county,  Colo.,  visit  to  [xxxvi]. 

Vindicator  gold-mine.  Cripple  Creek  district,  Colo.,  577. 
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Virginia:  experiments  with  iron-ores  of  southwest,  2fi0  c/  ix'q. ;  ni.agnetic  separation 

of  iron-ores  and  zinc-ores,  3fi8. 
Virginian  silvor-mine,  Custer  county,  Colo.  [778]. 

Virginius  silver-mine,  Ouray,  Colo.,  electric  power  plant  at,  410,  41."),  1078. 
Volatil hat io)i  of  Silver  in  Chloridizi ng- Kutixti itg  (GovsnxLi.)  [xix],  .5.3. 
Vulcan  gold-mine,  Gunnison  county,  Colo.,  445. 

Wages  (see  also  cost  of  labor) :  of  workmen  in  English  coke-plants,  3.50. 

Waldo,  Leonard,  remarks  in  discussion  of  physics  of  cast-iron,  1017. 

Walker  (.T.  Sep  Smith)  gold-mine,  McDuffie  county,  Ga.  [470]. 

Walker,  J.  N.,  experiments  to  determine  lo.ss  of  silver  in  cupellatiou  by,  473  et  xeq- 

Walrand-Legenisel  steel-casting  process,  134. 

Walter  gold-mine.  Cripple  Creek  district,  Colo.,  .")61. 

Waters  (see  also  mine-waters) :  analyses  of,  from  CJeyser  silver-mine,  Colo.,  812,  813. 

Waverly  gold-district.  Nova  Scotia,  saddle-reefs  of  [202]. 

Weber  coal-field,  Utah  [2.")8]. 

Webstkr,  William  E.,  remarks  in  discussion  of  physics  of  cast-iron,  1011,  1023. 

Weeks,  Joseph  D.  ;  The  Invenfioti  of  the  liessemer  Process  (Presidential  .\ddress  at 
Pittsburgh)  [xvii],  980. 

Welcome  Gold-mine,  Lead.  S.  Dak.  [487]. 

Wenstriim  magnetic  separator  [3.56]. 

West,  Thom.^s  D.  :  The  Effect  of  Expansion  on  Shrinkage  and  Contraction  in  Iron  Cast- 
ing [xix],  16.5  (see  p.  997) ;  Standard  Physical  Tests  for  the  Product  of  the  lilast-Fitr- 
naceand  their  Valne  [xix];  149  (see  p.  997). 

We-stinghouse  Electric  Works,  visit  to  [xxv]. 

Wetherill  Concentrating  Company,  South  Bethlehem,  Pa.,  3.57  et  seq: 

Wetherill  magnetic  separator,  .3.57  et  seq. :  exhibition  of,  xxx. 

Whale  gold-mine.  Clear  Creek  county,  Colo.  [837]. 

Whitney,  Asa  W.,  remarks  in  discussion  of  physics  of  cast-iron,  1004. 

Wiedeman  on  the  magnetic  properties  of  matter,  .353. 

WiLKENS,  H.  A.  J.,  and  Nitze,  H.  B.  C.  :  The  Magnetic  Separation  of  Xon-Magnetic 
Material  [xviii],  .351 ;  discussion,  1089. 

William  Wiegand  gold-mine.  Rainy  River  district,  Ontario,  Can.  [8.58]. 

WiLLiAM.s,  Frank,  remarks  in  discussiou  of  Mr.  Pennock's  paperon  heat-conductivity 
of  fire-brick,  1060. 

Winchell,  Dr.  N.  H..  on  the  iron-bearing  formations  of  the  Lake  Superior  region,  533. 

Winn  copper-mine,  Texas,  103. 

Wire-silver  in  Leadville.  Colo.,  mines  [208]. 

Witwatersrand  gold  district.  South  Africa,  treatment  of  ores  by  the  cyanide  process, 
736. 

Wood  River  silver  district,  Idaho,  1105. 

Wrought-iron,  effect  of  vibration  upon  the  structure  of,  1026. 

Wyoming,  analysis  of  "slack  "  from  Rock  Springs  coal-mines,  (i21. 

Wythe  Lead  and  Zinc  Company,  .Austinville,  Va.,  separation  of  limonite  from  cala- 
mine by  [3.5.5]. 

Yankee  Girl  silver-mine,  Ouray  county,  Colo.,  842,  10.57  et  seq. 

Yellow  Jacket  (Nigger  Baby)  silver-mine,  Dolores  county,  Colo.  [813],  907. 

Yorkshire  bee-hive  coke-ovens,  .341  et  seq. 

Zenobia  gold-mine.  Cripple  C'reek  district,  Colo.,  .575.  .576. 
Zinc  and  zinc  chloride  as  precipitants  of  gold,  715,  7.59,  768. 
Zinc-blende,  separation  of,  from  siderite  at  European  mines  [3.55]. 
Zinc-mines:  New  Jersey  :  Sussex  county;  Franklin,  .3.56. 
Zinc-ore,  magnetic  separation  of,  at  .\ustiuville,  Va..  .363. 
Zinc  shavings,  use  of,  in  cyanide  process,  715,  759. 
Zinc  sulphate  in  the  cyanide  process,  766. 
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